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The Edition of Appleby^s Hand-book of MachiKerV, published in 1869, and several 
reprints of it having been exhausted, a New Edition (of which this section forms a portion) is 
now being completed ; and for the convenience of those who desire information on specific 
subjects, but not on all those treated, the book will be divided into eight sections, each of which 
may be obtained separately as follows : — 

Section i —PRIME MOVERS. 
Steam, Gas, and Air Engines, Boilers, Turbines, etc. 

Section 2.-HOISTING MACHINERY. 

Winding Engines, Hydraulic, Steam and Hand Cranes, Winches and Jacks. 

Section 3. -PUMPING MACHINERY. 

Pumping Engines, Centrifugal, Steam and Hand Pumps. 

Section 4. -MACHINE TOOLS. 

For Working Metals, Wood, etc. 

Section 5— CONTRACTORS' PLANT AND RAILWAY MATERIALS. 

Including the Machinery and Materials required for the Construction and 

Equipment of Railways and other Public Works. 

Section 6.— COLONIAL AND MANUFACTURING MACHINERY. 

For Treating Corn, Coffee, Rice, Sugar, Cotton, and other Products, Oil Mills, 

Gas Works, etc. 

Section 7.— MISCELLANEOUS IRON WORK. 

Brass Fittings, Engineer's Tools, and General Stores. 

Section 8.— USEFUL TABLES AND MEMORANDA. 

For Engineers, Merchants, and Manufacturers, with Prices, W^eights, 
Measurements, Working Results, Cost of Working, etc. 

The complete work will form two volumes of about 900 pages, illustrated by nearly 7C0 
Engravings. 

The subject matter has been almost entirely rewritten, and the Engravings illustrate for the 
most part work designed or carried out by the Authors Firm, and now in successful operation. 
Details of design, construction, and proportions will be subject to modification from time to 
time. 

The Prices have been corrected up to date, and are based on the present value of metals and 
labour : they will therefore necessarily be subject to modification if there should be any material 
change in the value of the items. 

Weights and measurements are given approximately, so that the cost of freight, duty, &c , 
may be roughly estimated ; also some data as to the cost of working, the motive power 
required, and the work performed. 

The cost of packing for shipment and delivery to docks varies with the nature of the packing 
required and the destination, but the average is — 

For packing and delivery alongside vessel in London about 3 per cent. 

ditto ditto Liverpool or Hull . . about 5 per cent, 

ditto ditto Cardiff or Glasgow . . about 7 J per cent. 

The details above referred to are in a handy form for reference, and it is hoped they 
may prove useful alike to Engineers and to users and purchasers of Machinery and Materials 
connected therewith. 
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APPLEBY'S COPYRIGHT TELEGRAPHIC 

CODE 

FOR CORRESPONDENCE BY TELEGRAM. 



191 290 
191291 

121292 

191293 
191294 

191295 

191296 

191297 

191298 
191299 
191300 

191301 
191 302 
191303 
191304 

19130S 

191306 

191307 
191308 

191309 
191310 

191311 



Note,— Cable Address: "MILLWRIGHT, LONDON." 



Taaier 
Taaiheld 

Taainagel 

Taalboek 

Taaldeel 

Taaleigen 



ENQUIRIES AND QUESTIONS. 

Telegraph how soon you could ship the following, viz 

Reply, by letter, how soon you could ship the following, viz 

Telegraph at what price, packed and delivered f.o.b. English port, 

you could supply and ship the following, viz 

Reply, by letter, at what price, packed and delivered f.o.b. English 

port, you could supply and ship the following, viz 

Telegraph how soon and at what price, packed and delivered f.o.b., 

you could supply and ship the following, viz. 

Reply, by letter, how soon and at what price, packed and delivered 

f.o.b. English port, you could supply and ship the following, viz. 



Taalfont 
Taalgebrek 

Taalgids 
Taals:rond .. 
Taalkundig 
Taalman 
Taalregel . . 
Taalschat .. 
Taalteeken.. 
Taalvitter .. 

Taalvriend . . 

Taalwet 
Taalzifter .. 
Taanbloem . . 
Taartblik .. 
Taarten 









Telegraph name of vessel by which you have shipped. 

We learn that the with your goods on board has been lost 

Shall we replace ? 
Telegraph, at my expense, how soon my order will be despatched. 
Reply, by letter, how soon my order will be despatched. 
Do you wish us to proceed with order ? 
Will you leave matter to our discretion ? 

When will remittance be sent for ;^ 

Send us a complete tracing of 

Send us a photograph of 

Send us a complete estimate for the following 

Prepare design and send tracing and estimate including delivery 

f.o.b. for.. 

Can you alter the goods to our order as follows 

How soon can you deliver ? 
Have you in stock ? 
A reply by wire is requested. 
A reply by first mail is requested. 



By Sailing Vessel. 
191312 

Taartepan 



191315 
Tababocca 



ORDERS 

steamer. 



191313 

Taartjes 

191316 
Tabacalero 



191314 
Taartkoek 



191317 
Tabacales 



191318 
191319 
191320 

191321 
191322 

191323 
191324 

191325 

191326 

191327 

191 328 

191329 
191330 
191331 
191332 



Tabaccasse 
Tabacchi . . 
Tabacomane 
Tabacosas . . 
Tabacoso . . 
Tabagie 
Tabag^ique .. 
Tabahia 
Tabakasche 
Tabakbau .. 
Tabakbeize 
Tabakdampf 
Tabakkorb . . 



AND INSTRUCTIONS 

Mail Boat. 

Please supply and ship as soon as possible 
the following goods, engaging freight 
and insurance, free of particular average. 

Please supply and ship as soon as possible 
the following goods, engaging freight 
and insurance, free of all risks, if latter 
is possible. 

, . No part of the machine must weigh more than cwis. 

. .We leave matter to your discretion. 
. . Preferring them in the order named, 

. . Payments will be made by 

. .Payments will be made by Arrange terms with that firm. 

. . Terms will be as before. 



. . Remittance is delayed until 

. . Draw on us at sight foT£ 

. . Draw on us at 

..Await instructions for shipment. 

. . Replace with all possible despatch. 

. . Duplicate our order of *. 

. . Repeat our order for 

Tabakladen . .Repeat our last order. 
Tabakqualm . .Await our letters before proceeding. 



It. 



Orders and I nstr actions — Continued. 



191333 
191334 

I9J335 
191336 

191337 
191338 

191 339 
191340 

191341 

191342 

191343 

191344 

191345 
191346 

191347 
191348 

191349 



191350 
191351 
191352 
191353 
191354 
191355 

I 91356 

191357 

191358 

191359 
191360 

191361 
191362 

191363 

191364 

191365 
I 91 366 

191367 
191368 
191369 
191370 

«9i37i 
191372 

191373 
>9I374 
19137s 
191376 

191377 

191378 

191379 
191380 

191381 
191382 
191383 
191384 

191385 
191386 

191387 
'91388 

191389 
191390 
191391 

191392 



Tabakrauch 
Tabakreibe . . 
TabakroUe . . 
Tabaksblad 
Tabpksbouw 
Tabaksland 
Tabafespijp . . 
Tabaksrook 
Tabakstube 
Tabaksvat . . 
Tabaksveld 
Tabakszak . . 
Tabaleabau 
Tabaleara . 
Tabaleos 
1 abalhiom . 
Taballiado . 



. . Same pattern or quality as before. 
. . The same as you last supplied. 

. . Same as supplied by you in 

. . Same as supplied by in 

. . Same as supplied to in 

. . Draw on us for ;f at the following number of days from sight 

. . Pliase deliver at once. 
. . Please deliver next week. 

. . Must be inspected by 

. . Ship at once. 

has been irreparably damaged send another. 

has been lost replace it immediately. 

. . Please send by next mail certificate for 

. . Prepare for delivery at once. 
. . Wanted for immediate delivery. 

. . Ths makers were (are) 

. . As described in Appleby's Handbook of Machinery, price £ 



Tabanca . 
Tabanidae 
Tabaquear . 
Tabaqueiro . 
Tabaqueras 
Tabaqueurs 

Tabaquista 
Tabaidelha 

Tabarder 

Tabardilho 

Tabarzet 

Tabatiere 

Tabaxir 

Tabbaard 

Tabbaoth 

Tabbinet 

Tabbying^ 

Tabebuia 

Tabefatto . 

Tabefied 

Tabellaria 

Tabellaron 

Tabelle 

Tabelliar 

I'abellioa 

Tabellions 

Tabellone 

Taberd 

Tabergite 

Tabernacle 

Tabernero 

Tabescence 

Tabescent 

Tabetique 

Tabicadas 

labicamos 

Tabicar 

Tabicaron 

Tabicones 

Tabido 

Tabiacas 

Tabiflui 

Tabifluos 



ANSWERS; &c. 

. . Fieight will add about per cent, to the f.o.b. cost 

. .The machine will weigh about cwts. 

. . The total weight will be about tons. 

. . The total measurement will be about cubic feet. 

. . No part of the machine will weigh more than cwts 

. . The machine is finished. 

( We can supply you with goods, as per your enquiry, at the following 

I net price. 
. . Please telegraph credit with some English Bank for order just received. 

J The credit opened with the Bank is too small ; please to Telegraph 

\ further credit for ;f 

. .We cannot execute order on other terms. 

. . We have remitted you by letter £ 

• .Cash will be paid against Bill of Lading by . • ; 

. .Machinery is shipped by steamer. 

. . Machinery will be shipped by steamer. 

. . Machinery is shipped by sailing vessel. 

. . Machinery will be shipped by sailing vessel. 

. . Your order received and has our best attention. 

. . Remittance follows by mail. 

. . Remittance will be sent immediately iot £ 

. . Waiting your remittance 

. . Credit arranged through. 

. . Credit arranged by telegraph 

. .;£'io additional needed to cover cost. 

"£^0 
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"£So 
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..£So 

. .;^I00 

'£ 

. . We can dehver from stock. 

in one week. 

in two weeks. 

in three weeks. 

in fcfur weeks. 

in six weeks. 

. . The time for delivery should be W6eks. 

. .The time of delivery is of great importance. 

. . All charges will be accounted for 

. .AH charges will be paid by 

. . I (we) cannot promise delivery until 

. . I (we) cannot promise delivery in the time stated, letter follows* 
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III. 



I9I393 

I9I394 
19139s 

I9I396 

I9I397 
I9I398 

I9I399 

I9I400 



Z9I40I 
19 1402 

I9I403 

I9I404 

19I40S 

I 9 1406 

191407 
19 I 408 
191409 
191410 
191411 
191412 

191413 
191414 

191415 

191416 

191417 
191418 
191419 
191420 
191421 
191422 

191423 
191424 

191425 
191426 
191427 
191428 
191429 
191430 

191431 
191432 



191433 



Tabiosis 

Taluque 
Tabiqneis . 

Tabiquemos 

Tabiser 
Tablaaho . 
Tablabo 
Tablajero . 






Answers, &c.— Ow/iViw^i. 

I (we) cannot promise delivery in time stipulated, please telegraph 

instructions. 

We have not received yours of the 

Replying to your telegram, (enquiry) our price is £ 

Replying to your telegram, our price, subject to prompt confirmation 

of order, will be ,^ 

Pull information follows by mail. 
Tracing and estimate will be sent 
Tracing and estimate were sent. 
We have received your order for 



GENERAL MESSAGES. 



Tablares 
Tablazones 
TabUzos . 



Tableabais . . 

Tableadas .. 
Tablearia .. 
Tablearon .. 
Tableaux . . 
Tableros 
Tabliers 
Tablilha . . 
Tablon 
Tabloza .. 
Taboas 
Taboinha . . 
Tabolag^em.. 
Taboleiro . , 
TaboleU .. 
Tabooed • . 
Taboriten . . 
Tabouer 
Tabouret • . 
Tabourine •• 
Tabraca 
Tabrimon . . 
Tabual 
Tabuda 
Tabularize . . 
Tabulating . . 
Tabulista . . 
Taburno 
Tacahout . . 

Tacamaca .. 



1 



. .steamer is delayed by having to put in at 

. .is erected and works satisfactorily. 

. .is erected but does not work satisfactorily. 

.. is erected but does not yet work satisfacto/ily, send immsd 

lately by quickest route. 

will leave on or about the 

cannot leave before the 

.is completed. 

. . I (we) will see you on or about 

..We must have dimensions, sketches, or drawings. 

. .We require more detailed information with reference to 

. .We are sending you additional information with reference to 

. .We last heard from you on the 

. . Refer to our letter dated 

. . Refer to our telegram dated 

. . We refer to your letter dated 

. .We refer to your telegram dated . 

. . Have you received our order for 

. .We have not received your order for. 

. . Please send necessary instructions. 
. . Please send confirmation by letter. 

. .We forward by steamer advertised to close on the 

. . Can you forward by the 

. .The Bill of Lading must be to the order of 

The Bill of Ladmg must be sent to. ...... • ' 

. .The Bill of Lading has already been sent to 

. .The Bill of Lading has not been received. 

. .Delivery cannot be made until we have the Bill of Ladin>; 

. . Have you received the Bill of Lading. 

. . Insure to cover cost, freight and insurance. 

. . Insure to cover all charges and risks if latter is possible. 

. .We accept your order for 

. . We accept your order dated ^ 

j We cannot accept your order on terms proposed, please refer to oa» 
I offer. 



N.B. — The code numbers are for use in case a repetition of the telegram may be necessary. 
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60-TOH •^FAIXBAIBV SIEAX ORANE. The crane illustrated Fig. 101, generally 
known as the *^Fairbairn" crane, from the fact that it "was originally designed by Sir William 
Fairbaim, in order to obtain great clearance under the jib-head for dealing with bulky packages, 
and for loading or discliarging vessels of heavy tonnage, is construct^ chiefly of wrought- 
iron ; the box girder sectiun gives the greatest strength with a minimum of material, and as 
this girder revolves, it always maintains thq same relative position to the load ; the continuity 
of the structure is also well preserved instead of the strains being divided between the jib, tie 
rods, framing, and post, as is the case in the form adopted for cranes of smaller power. 

The necessary stability is obtained by the lower portion of the girder working in a circular 
pit of masonry, or, where a good foundation of masonry cannot be used, in a massive cast-iron 
cylinder of about 8 ft. diameter ; there is a cast-iron plate at ground line, bolted to the foundations 
and bored internally, and at the bottom of the pit or cylinder there is a cast-iron socket to receive 
the pivot which is fitted to the foot of the curved girder or jib; hardened steel washers working 
in oil being interposed to reduce and distribute the friction over a lai^e area. The girder or lib 
is also fitted with a casting turned on its vertical face and about 6 ft. diameter, and &tween this 
casting and the bored internal ring above referred to, a live ring of rollers about 12 in. diameter 
is interposed, those directly in line of the greatest strain being of steel ; the enormous strain is 
thus distributed over a large number of friction wheels and a correspondingly large area of the 
foundation plate or ring. In some situations it is convenient to raise the masonry or cast-iron 
cylinder above the ground line, either from difficulty in obtaining foundations or to raise the 
jib-head to a greater elevation. 

The arraugement of engines, boiler and gearing does not materially difier from the ordinary 
steam cranes, except that the first motions are all transmitted &om the engines through a set 
of friction clutches and worm and tangent wheels, and the lifting gear is fitted with three powers 
in addition to the chain and blocks at the jib-head ; the slewing or turning motions are also fitted 
with two speeds, and can be manipulated together with the load without stopping or reversing the 
engines. The barrel is grooved spirally to take the whole length of chain without an overlap, 
and the chain barrel shaft is driven from both sides by double gearing. Double hand shafts can 
also be provided, so that the crane can be worked in all motions when steam is down and only a 
single lift required, and the double hand shafts enable a large number of men to be employed 
without crowding. If it is desired to take steam from a fixed boiler, the steam pipe leads 
through the pivot to the engines, or the crane may be driven by a pair of hydraulic engines, 
and the pressure pipe conveyed to them in the same manner as if steam were used ; many hand 
cranes of this type have been converted to work by steam or hydraulic power in the manner 
referred to. The condition as to radius and height of these cranes being always suited to their 
special requirements, it is gomewhat difficult to quote prices, but the following may be taken as 
an average both as to dimensions and cost of cranes of the type of Figs. 101 and 102 : — 



Power of crane 


30 tons 


40 tons 


50 tons 


60 tons 


80 tons 


Badius of jib 


25 ft. 


30 ft 


35 ft. 


45 ft. 


50 ft. 


Height of jib head .. 


35 ft. 


35 ft. 


40 ft. 


50 ft. 


60 ft. 


Prices without boiler or tank 


£2050 


£2900 


£3000 


£3500 


£4200 


Prices with boiler px)mplete 


£2200 


£3100 


£3200 


£3700 


£4400 


Price for iron housing 


£35 


£40 


£40 


£45 


£50 


Price for covering boiler . . 


£15 


£20 


£20 


£25 


£25 


Approximate weight ,. .. 

— r 


50 tons 


65 tons 


80 tons 


100 tons 


130 tons 



The above prices are exclusive of the cast-iron caisson generally used in peaty or unsound 
ground, and the cost of these may be estimated at about £18 to £20 per ton, including fitting, 
facing^, and bolts ready for fixing. 

The engraving Fig. 102, page 2, is a modification of the ** Fairbaim " type, the crane 
being straight from the point above the gearing to the jib-head sheaves, and instead of the solid 
web plates, the top and bottom members are connected by transverse ties and diagonal bracing 
as shown. This construction is somewhat more economical in material than the solid web 
plates, but being more expensive in construction, the cost is about equal. An advantage may 
sometimes arise, when required for shipment, as the freight would be lower, and the chain can 
be tfiken direct to the chain barrel ; in cranes of the heaviest kind a double set of chains are 
employed. 

20-TON FIXED STEAM WHABF CBAHE. The crane. Fie. 103, page 3, is designed 
for lower powers than 30 tons, the cost of the Fairbaim typo being higher without, in the 
large majority of instances, any commensurate advantage being obtained ' 

The two steam cylinders 7 in. diameter x 10 in. stroke are fixed vertically, and are fitted with 
case-hardened link reversing motions ; the lifting gear is of two powers, the third power being 
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obtained by a block with the chain reefed to the jib-head. The single gear is proportioned to 
work loads np to 5 tons at quick speed, the double gear 8 tons at a lower speed, and the 
maximum load of 20 tons is lifted with the double chain and block. The turning motion has 
two speeds, so that the operations of lifting and turning are in unison with each other, and it is 
transmitted from the engine-shaft by a set of bevel wheels and double friction cones put into 
contact by a powerful eccentric lever. Motion is ihns given to a pair of friction wheels imme- 
diately under the foot of the crane jib and distributing tte throfet due to the load over a large 
area of the turned roller path on the foundaticu plate. Pliiin friction surfaces present many 
advantages over toothed gear for turning, especially when working at a high speed or at a long 
radius, toothed gear being very frequently broken when the load is set in motion or stopped too 
suddenly, whilst with friction surfaces tiie wheels slip on the roller path until the jib is brought 
to rest. 

The crane may be fitted with rigid tie bars, but the derrick motion shown is invaluable 
when a variable radius is required, as, for instance, to reacii the centres of vessels of different 
beam, or to obtain a height necessary for dealing with exceptionally bulky packages. This 
motion is transmitted from the crank shaft by a pair of bevel wheels to a vertical shaft with 
a worm on its upper end, driving a tangent wheel on the end of a chain barrel, the chains being 
double and in auplioate. 

The crane post is of hammered scrap iron, turned to receive the superstructure, and to boi 
fitted and keyed into the massive iron foundation plate. When steam is supplied from a 
stationary boiler, the post is bored down the centre and fitted with a steam gland at top and a 
steam-pipe connection below the base plate. 

The boiler is usually carried on a feed water tank, which is fixed behind the crane, and 
forms a platform for the attendant as well as a useful counterpoise to. the load. The hanging 
tube type is preferred, but a vertical multitubular or a plain cross tube boiler will be supplied if 
desired. In all cases the boilers are of ample proportion, and are fitted with all the usual 
mountings and of the most improved kinds, including double safety valve, steam pressure 
gauge, and fusible plug in the crown of the fire-box. The feed x>nmp is worked from the 
engine shaft, but a separate donkey pump or an injector will be supplied at an extra cost of 
from £15 to £23. Sufficient best tested short link crane chain is supplied to reach 15 feet 
below ground line when the double chain and block are used. 

The whole of the motions can be worked by hand power when steam is down, which is 
sometimes a great advantage. 

Foundation bolts are included in the subjoined prices, and the cost of packing for shipment 
is from 2 to 3 per cent, on those prices : — 



Power of crane, Fig. 103 

Radius of jib at 45^ 


15 tons 


20 tons 


25 tons 


16 ft. 


18 ft. 


20 ft. 


Steam cylinders, two 


7 X 10 in. 


7J X 10 in. 


8 X 12 in. 


Price of crane without boiler . . 


£895 9 


£1245 


£1740 


„ with boiler and tank 


£975 


£1350 


£1850 


„ extra if with derrick jib 


£40 


£45 


£50 


„ „ if with iron jib 


£25 


£30 


£35 


„ „ if with curved iron jib 


£30 


£35 


£40 


„ ,. if with iron housing .. 


£30 


£30 


£35 


„ „ if boiler is covered 


£20 


£20 


£25 


Approximate weight 


20 tons 


25 tons 


30 tons 


„ measurement .. 


800 cubic ft. 


950 cubic ft 


1100 cubic ft. 

1 



The radius of jib above given has been taken as a standard, but it can be modified to suit 
special cases. 

The type of crane. Fig. 104, page 6, No. 29, is, with, but slight modification, constructed of 
all sizes from 3 to 10 tons' power. The following description, however, refers to a 10-ton crane 
with two steam cylinders 7} in. diameter x 10 in. stroke, fixed in an inclined position on the 
outside of each side frame. The steam ports pass through the frames, and the slide valve chests 
are on the inner sides of the frames ; the guides to the pistons are ca^t to the top cylinder 
covers, and are truly bored to receive the slide blocks, the wearing surface being very large ; 
the blocks cottered to the steel piston rods receive the lower end of the connecting rods, which 
are of wrought iron, fitted with gun-metal steps at slide block end and cross cotter to take up 
the wear ; the crank-pin ends are of the marine pattern. The crank shaft is fitted with a pair 
of turned balanced disc plates, into which the crank-pin ends are rivetted ; inside the frames 
are the eccentric sheaves, with gun-metal straps, and the reversing motion is of the bl lifting 
link type; the crank shaft and sJl the high speed shafts ate, as far ao possible, fitted with gun- 
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metal bearings, loose caps, and lock nuts ; the motions for lifting, turning and altering the 
radius are taken from the crank shaft. The lifting power is single and double purchase, and 
the barrel shaft is fitted with a friction strap brake for lowering ; for the third power, a running 
block and double chain to the jib-head is used when lifting the maximum load of 10 tons. The 
turning or slewing motion is transmitted from the intermediate shaft by a set of bevel wheels 
and double friction cones (the power and speed of slewing being altered simultaneously with 
the corresponding lifting power), and a vertical shaft and train of bevel gear transmits motion 
to two large friction wheels which are almost directly in the line of thrust of jib ; the axis of 
these radiate to the centre of the crane, and travel on a turned path on the foundation plate. 
The friction cones are put into contact by a powerful eccentric hand lever, and the slewing 
motion can be worked in either direction whilst lifting or lowering the loads, and without 
stopping or reversing the engines. 

The derrick motion is taken from the engine shaft by a pair of bevel wheels driving 
an oblique shaft, with a cast steel worm on the top, gearing into a tangent wheel on the chain 
barrel, around which coils the single chain of the double sheave blocks leading from the top 
stretcher of the crane framing and jib-head pin ; the worm and tangent gear sustaining the jib 
in any required position when the first motion wheels are disconnected from the engines. 

The whole of the engines and gearing are mounted on a pair of cast-iron side frames and 
revolving base ; a wrought-iron feed water tank is bolted to this base, forming the foot-plate 
for the driver and support for the steam boiler, which is placed well back to assist in counter- 
balancing the load ; the sides of the boiler are fitted with coal bunkers. The crane post is 
of hammered scrap iron, extending a considerable distance below the ground line, and when 
the crane is driven from a stationary boiler, the post is made hollow to convey steam to the 
engines through its centre; the post is fitted with a massive cast-iron plate at the ground 
line, and a toe plate at the lower end of the post, holding down bolts passing from the lower to 
the top plate, and securing the whole mass of masonry well together. 

The crane-jib is of iron, composed of side plate and angle irons braced together with lattice 
bracing, sometimes curved, as shown in the engraving of portable crane, Fig. 117, page 27; this 
entails a little additional expense, but is sometimes very convenient. Wo«i jibs are, however, 
generally used, and, being both light and stifi^, are recommended for cranes of this and smaller 
powers, excepting when a curved jib is required, or tiie crane is for use in an exceptionally hot 
climate. 

The boiler is of the vertical type, 3 ft. 6 in. outside diameter, 7 ft. high, and is fitted with two 
cross tubes. This form of boiler, althousrh not the best for economy of fuel, has the advantage 
of being simple in construction and not liable to get out of order, even when working with bad 
water, which is often of more Importance than some saving of fuel with a complicated and 
expensive boiler. The boiler has all the usual fittings, and is connected to the crane engines by 
steam pipes ; the feed water is tstken from the water tank by a hollow plunger feed pump, 
worked by an eccentric on the crank shaft, and a cock and check vnlve are placed between the 
pump and the boiler. 

The principal differences between the crane above described and the gmaller sizes are those 
of proportion and radius; the latter have only one friction wheel under jib, and the smallest 
sizes are only single purchase. 

The prices of the various sizes, fitted with or without boiler, &c., will be obtained from 
the subjoined table ; the radius given is that upon which the strains have been calculated, and 
if it is desired to increase the radius of any crane, the load must be proportionately decreased, 
or a heavier crane be taken to do the work.' 



Power of crane, Fig. 104 
Normal radius at 45° . . ., 

Number of cylinders 
Diameter and stroke of cylinders 
Price of crane with fitted jib,l 
without boiler or tank . . / 

Price of crane with fixed jib, 

with boiler and tank 
Price extra with derrick gear 
Price extra for iron jib . . 

for curved iron jib 
for iron housing 
„ for covering boiler 
Approximate weight 

measurement 



3 tons I 

14 ft.^. i 

2 ; 



5 tons 

15 ft. 

2 



r 



7 tons 

16 ft. 

2 



10 tons 

18 ft. 

2 



15 tons 

20 ft. 

2 



'^} 



>» 



»» 



>♦ 






» 



6J X 10 in. 6J X 10 in.; 7^ X 10in.;7i X 10 in. 8 x 12 in. 
£300 



£400 

I 

£400 i £500 



£15 
£10 
£15 
£20 
£15 
7 tons 
280 cub. ft. 



£20 
£15 
£20 
£25 
£18 
10 tons 



£.520 : £720 , £900 



£650 

£25 
£18 
£23 
£28 
£20 
12 tons 



400 cub. ft. 480 cub. ft. 



£850 £1050 

£30 £35 

£20 £25 

£25 £30 

£32 £35 

£20 £25 

15 tons 20 tons 
600 cub. ft. 800 cub. ft. 



These prices inclade foundation bolts. The cost of packing for shipment is 3 per cent 
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Fig. 105. 

The SHIPS DECK or WEASF CKAVE, Fig, 105, No. 10, is very quick in action, and 
ia constcuetod to occnpj the minimum of apaoe ; steam is supplied from (he main boiler 
of the vessel or factory, or from a separate boiler of sufficient powet for Bcvoral cranes or 
wincbes. Sometimes the boiler U fised behind the crane, and swings with it, as shown Fig. 104, 
but this nrrangemeut shoald, if possible, be avoided, cranes of this type being specially designed 
to work quickly with light loads at a abort radius and to take the steam from a fixed boiler. 

The engine* hayo link revaraing motions ; the lifting gear is BiDgle or double purchase, as 
wiecified below, nnd is fitted with a powerful strap brake worked by the foot for loweriug. 
The turning motion is transmitted through double friction clutches, and the crano will turn in 
either dinction vhethei it is lifting or lowering, without stopping or leTBiaing Uie engiuea. 
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The speeds of lifting and turning are arranged to make a lift, turn one-third of a circle, and 
lower the luad in about SO seconds. 

The crane post is of hammered scrap iron of suflScient length to reach the lower deck or 
keelson of a vessel or a similar depth below quay level, but on board ship the post should be 
carried down as low as possible in order to relieve the deck from excessive strain. The post 
is bored hollow above the foundation plate, the steam being carried into it at or slightly below 
tliat level, and passing through a gland at the top of the post to the steam cylinders. The 
exhaust steam can be carried back through the post to water level or to any convenient 
point ; this entaiLj a slight additional expense, but it effectually gets rid of the discomfort 
caused by the escape of exhaust steam, especially in cold weather, as well as the risk of 
damage to goods or cargoes, causing decks to become leaky, &c. The jib is made to be readily 
unshipped whilst the vessel is at sea, and the crane secured from turning on its post. Hand shafts 
and handles are provided for working the crane by manual power, also chain to reach 20 ft. 
below the deck Hue. The subjoined list of prices includes 8 ft. of crane post below floor level, 
and the cost is given for any additional length which may ba required. 

For boiiei-s suitable to supply steam to one or more cranes, see page . 



Power of the crane 
Diameter and stroke of 1 
engines, two . . / 
Number of purchases . . 
Radius of jiD .. 


H ton 
5 X 9 in. 


2 tons 
6 X 10 m. 


3 tons 
7 X 10 in 


4 tons 
6 X 10 in. 


5 tons 
7 X 10 in. 


Single 
12 ft. 


Single 
13 ft. 


Single 
13 ft. 


Double 
14 ft. 


Double 
14 ft 


Length of crane post \ 
below deck . . / 


8 ft 


8 ft. 


8 ft. 


8 ft 


8 ft 


Approximate weight .. 
Price complete, as de- ^ 
scribed . . . . / 


2 tons 15 cwt. 
£180 


3 tons 10 cwt. 
£200 


4 tons 10 cwt 
£225 


5 tons 
£275 


5 tons 15 cwt. 
£325 


Price extra for exhaust \ 
through post . . / 

Price extra per foot for \ 
post beyond 8 ft. long / 


£5 
£0 10 


£6 
£0 15 


£7 
£10 


£8 10 
£15 


£10 
£1 10 



The STEAK WAREHOUSE HOIST, Fig. 106, page 10, for attaching to a crane or lift, 
combines the most recent improvements made in this class of machinery, the loads being 
worked at a very high speed with great safety by a chain coiling on a barrel on the engine 
shaft without any gearing or break. A pair of vibrating steam cylinders proportioned to 
the load and the steam pressure available are coupled at an angle of 90^ to the barrel shaft ; 
the cylinders are fitted with an improved valve reversing motion, the steam being admitted 
and controlled by a central valve, which passes the steam to the top or bottom of the 
piston, as may be desired, or shuts it off completely. A rod leading to each floor wher§ the 
lift has to be worked is attached to this valve, and by means of a lever, on any or each floor 
working this rod the operations of lifting, lowering, or stopping, are under entire control 
When the lever is in a central position, the steam is shut oft*, and the hoist stops : when raised, 
the load is raised, and when lowered, the loeid descends ; the speed of either operation being in 
proportion to the travel of the valve. When it is full open, a great speed will obviously be 
obtained, because the chain barrel makes the same number of revolutions as the engines. The 
chain barrel being usually about 8 in. diameter, if the engines make 100 strokes per minute, the 
chain will travel at a speed of about 200 ft. per minute : in practice, however, this speed is much 
exceeded, yet the controlling power is so great that the load can at any moment be stopped 
within an inch of the point required, nor are goods damaged by being seized too suddenly ; the 
attendant starts verv gently, and immediately the load is hanging clear, he opens the valve, and 
runs up the load at full speed. 

The gear shown in the engraving is only used when heavy loads have to be lifted ; at other 
times it is thrown out by an eccentric shaft in a similar manner to the bock gear of a turning 
lathe ; but as nine-tenths of the loads can be lifted by steam direct, comparatively few are fitted 
with this apparatus, although it is very useful when no other appliances exist for dealing with 
an occasional heavy lift. The steam hoist is bolted to a wall or to the timbers of a lift, the 
chain being led to the crane jib or cage of lift. 

Some improvements having recently been made, this description does not entirely coincide with 
Ihe engraving, but the general appearance is the same, and the foregoing description is correct. 

A number of these hoists are frequently used in one establishment, one to each crane, jib, or 
hoist, steam being supplied from a boiler fixed in any available place, such as a Cornish boiler in 
a fire-proof room in the basement or a vertical boiler carried on cantilevers outside the building. 
Another neat arrangement is to place the whole of the machinery and boiler on cantilevers outside 
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t. warehouse, (directly below tbe crane jib, futd siuronnded by an iton hoaaa fjom irbicb the 
attendant works tbecrano. This avoids an; conaection between the engine-house and irarchouee, 
and reduces to a very small amonnt the premium lo lie paid foe Die inaiiranoe , but in layingont 
new buildings, theOamiah boiler and fire-proofroom should be adopted . The price of bailers will 
be ibundatpp. 55 to 64. Section 1. and of oranejibB|pBg«4G, Section 2. Steam-pipe and branches 
□ be carried many hundred feet when well protected without trouble and with but very slight 



low. 



Pbiceb, &c. of Steau Hoists. Fig. 1 



Power of CI 

! Power otcr 



redirect at 45 Ibs-l I 
legearedat 451bs.y 



H . 



I X 12 in. 



40 , 



< 15 in. 



Diamelerandstrokeof cylinders 6 x 12 in. 7 
Diameter and length of chain\ t « ^B .■„ ' o 

barrel | 7X JBin. ,8 ,. 

Price of crane, not geared .. £70 ' £80 I £90 £100 

„ ,. geared „ £90 . £1(15 £120 £130 

Approximate weight .. .. 1 ton i ltaD5owt.'ltonI5cwt.' 2tonB 



£120 [ 
£155 I 
2taDsl5cwt. ; 



The coat of chains and levers is not inclnded in the prices above quoted. 



HOISTING MACHINERY.— Section 3. H 

This system of hoist can be worked by water 01 compressed ur ; in thefoniieroaae,agteatn 
area of tbe pipes, passages, &a. is allowed, and where a natnral head of water can be obtained, 
or in towns where tbe high-pressure constant service is in use, a more convenient motor cannot 
be imagined. Compressed air can be osed instead of steam, and it has some advantages 
over steam or water, there being no loss from condensation nor borsting of pipes froni frost, 
&c,, and damage to stock likely to follow. It can, moreorer, be <»rtied to an imlimited distance 
nithout loss 01 inoonvenience. For prices and 
desonptioa of compressurs, see Section 5. 

The special udvautages claimed for this 
system are : high speed and noiseless working ; 
great safety and simplioity 1 all gear brakes 
and clnlfilies being dispensed with, and one 
lever ooly being used ; non-liability to get out 
<rf order, 

REAM WABEH01T8X CBAHZ. In some 
ritnationB the crane. Fig. 107, is more con- 
venient than that last described, becanse 
it can be worked either by hand or steiun 
power, tbe oronk shaft being ased as the 
hand shaft, when the piston rod is discon- 
nected. These cranes are fitted with single 
purchase for loads up to about 1 too, and.double 
purchaBe gearing for eraoes above that weight. 
The single steam cylinder is of the same type 
as that described fbt hoist, Fig. 106, and is 
fitted wiUl the same reversing arrangement, 
the orauk being kept from standiDg on its 
dead point by a counterbalance in the fly- 
wheel rim; or should it stand on the centre 
with a load, it can always be stalled by re- 
Versing the valve. 

Many hand cranes have been altered to 
work by steam in this maacer, and have given 
good results ; this, however, can only be ob< 

tained with a crano well designed and sub- p^ iffj^ 

Htsntially built in the onset 



Powerofcrane 


lOowt 


,»„, 






Single or double geared .. 


Single 


Single 


Single 


Double ■ Double 


DismetBT and stroke of cyliudet 






ex 12 in. 


6 X 12 in. 7 x 12in. 




£55 


£60 


£65 


£75 £85 


iLpproximate weiglit 


1 ton 


ItonSowt. 


ItonlOowt 


ltonl5Qwt 2toDii 






60 cub. ft. 


65 oob. ft. 


70 cub. ft 75onb.ft 



In preparing these prices it has been assumed that a pressure of 45 lbs. per square inch is 
available, and that tbe height of lift does not exceed 50 It, alio that the floor or beam, to 
which the top of tbe crane is attached, is Dot more than 10 ft high; these cranes can, how- 
ever, be readily modified to suit other conditions vrith a slightly increased cost 

Cranes of this typo con also be worked by wator or air, or by a boiler in which the steam is 
generated by gas, which requires bat little attention, and can be used in places where the 
ordinary steam boiler would not be allowed without a great increase in the premium for Are 
iosniance ; in such cases, where the work is not considerable, and the value of the property 
warehoused is great, the gas boiler affords a valuable alternative. 

For prices of thcao and other boilers, ace Section 1, pages .^5 to 64, and crane jibs. Section 
2, p^e46. 

STEAK FOUHIST CEAITU. A great difference of opinion exbts amongst the managers 
and foremen of foundries as to the system of crane power iiest adapted for use in foundries. 
Those advocating the swing crane ajstenj urge that the man or men engaged to work 
the crane can be profitably employed in aeaieting the moulders when the crane is not in 
use ; the advocates for the overhead traveller system, on the other hand, point to the 
advantage of a clenr moulding fioor. and to the fact that the space within a radius of 8 feet 
from the centre of each swing eraue cannot be occupied, and the traveller can cany 
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the boxes from the outside of the building and deposit them at any place within the 
space traversed, also that it as readily removes the castings to the trimming shop, or takes 
a ladle of metal from the cupola direct to any mould, whilst but few of these operations can 
be conveniently performed by swing cranes. A little consideration, however, suliices to show 
that each system has its advantages, and that the size and design of the foundry buildings, 
together with the work to be performed and the conditions to be fulfilled generally, will, 
in a great measmre, govern which system should be adopted. 

Fig. 108 is a good example of a fixed steam foundry crane. The main framing is 
constructed entirely of wrought iron, the sides being of plates btiffened at their edges by 
angle irons ; this construction is only for the largest sizes, the smaller powers being made 
with plates having sufficient stiffness without angle irons. The crane shown in the 
engraving has two steam cylinders, with link reversing motions, single and double purchase 
gearing, and the barrel is grooved spirally to take the chain without anf overlap and prevent 
the chain surging, return block and double chain, racking in and out motion to the jenny, and 
steam slewing gear. The smallest cranes have one steam cylinder, and are not fitted with 
the slewing gear. All ai-e fitted with hand motions, so that in the event of any accident to 
the engines or steam pipes the crane can be worked by hand power, and thus save a cast The 
largest cranes have donlble handle shafts. 

The steam pipe to the cylinders is generally introduced through the top pivot of the crane, 
but in some cases through the bottom pivot ; this, however, should be avoided, if possible ; in 
other cases, where the crane is fixed near a wall, and does not require to swing more than 
about 180% the steam pipe can be taken to the centre line of the crane by a jointed pipe with- 
out passing through the pivots; this plan was adopted with several large hand cranes to 
which steam was applied, or the boiler may be fixed on a tank or platform behind or at one 
side of the crane and revolving with it. 



Power of crane in tons 
Radius of crane from | 

centre to extreme > 

point . . . . I 

No. of cylinders, dia-1 

meters and strokes / 
Price of crane 
Approximate weight 
„ mea-'l 

surement . . . . / 



3 tons i 5 tons 

i 

16 ft. I 18 ft. 

I 

1 I 2, 
6ixl0in. j 5xl0in. 

£140 I £275 
2} tons 5 toils 

250 cub. ft. 350 cub. ft. 



10 tons 
20 ft. 



15 tons 
20 ft. 



2 2 

ejxlOin. ! ejxlbin. 

£400 1 £500 
8 tons I 12 tons 



20 tons 
20 ft 



2, 

71x10 in. 

£700 
18 tons 

450 cub. ft. 500 cub. ft 500 cub. ft 500 cub. ft 



2. 
71 X 10 in. 

£600 
15 tons 



25 tons 
20 ft 



FOUKDBT OBANE TO BE DRIVEN BT POWEB. The general form and appearance of these 
cranes does not vary greatly from that illustrated in Fig. 108, the difference being that the 
motive power is given from a line of shafting, placed overhead in the tie beams or roof instead 
of by steam cylinders on the crane ; the power from this line of shaft is tmnsmitted to a 
vertical shaft passing through the top pivot, and from it the lifting and racking in and 
out motion is obtained; the slewing motion is given by a spur ring fixed to the head of 
the crane, and the whole of these motions are primarily taken from the main shaft by cross 
and open belts, the levers of which are carried down within reach against the wall or column of 
the building, and the crane can therefore be worked from the foundry floor. All the motions 
of these cranes are also fitted to be worked by hand power, in case of a strap breaking or 
derangement to the main driving shaft. 

Where a main line of shafting exists, or is necessary in a foundry, this will be found a 
good arrangement, and the price of these cranes is about 5 to 10 per cent, less than steam 
loundry cranes, but where shafting must be specially provided for driving the crane or cranes, 
the cost may be estimated at about equal to those above noted. 

For price of power travellers, see Section 2^- pages 63 to 73. 

Hand foundry cranes. Section 2, pages 49 and 50. 

Hand travellers, Section 2, pages 73 to 81. 

STEAM DEBBICK8. The derrick is a very great improvement on the old form of 
quarry crane, the radius and sweep of the jib being altered by a neat mechanical arrange- 
ment invented by Mr. Henderson, of the late firm of Fox Henderson, and used by that firm 
with great advantage in the construction of the 1851 Exhibition in Hyde Park. It is generally 
termed the *• safety derrick," from the fact that the chain barrel for lifting the load is (when 
tlie radius of the jib is required to be altered) geared up to a fuzee chain barrel, to which the 
chains to the jib-head are attached; tlie proportions of this fuzee barrel and the gear are such 
that the strain on the derrick chain is balanced by the load on the lifting chain ; and if the 

R 2 
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olutches between the engine and the geerwere nithi]Tann,the load and jib wonid TemMD in the 
Bame position in vbich they were twfore the breakage occurred. The derricks to whioh we 
bave referred neie, however, oalj for band power, and the nest improvement was tbe iutio- 
ductiOQ of steam power for the lifting and turning motions. 

The illustration, Fig. 1U9, is engraved from a photograph of a derrick designed and 
constructed for tba Mount Sorrel Granite Company in Jjeiceatershire. It ie proportioned to lift 
loads of lU tone with a sweep of SO feet, and stands on tbe ed^ of the quarries, which are 
upwards of 100 feet deep, and has given excelleot results. It is selected for illiutiation and 
description as being a recent and, perbape, one of the best eiamples of this most nseftil type of 



Fig. 109. 

The derrick has a pair of engines 7J in. diameter x 10 in. stroke, with link revErsina; 
motions : the lifting gear is single and double purchase, and the slewing motion is transmitted 
from tbe engine shaft to the first motion shaft by reversing friction cones, admitting of its use 
when lifting or lowering, and without stopping or reversing tbe engines. 

The boiler is placed behind tho driver, and is carried on a wronghl-iron water tank, from 
which the feed water for the Ixiiler is supplied, the feed pump iMing worked from the orank 
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shaft; tbe bask end of the tank is itsyed to the mast, the boiler ia fitted nith all the uBual 
moantings, and the whole is piotected b;a oom^ated iron house. 

The timbera are of best pitch pine, the jib ia double, and the back guyb ore trassod to the 

The above deBciiplioii will apply geaersl); to other powers, excepting that the smaller 
sizes have one oecillating cylinder, and ihe jiba are nf a eingle timber. 

This orana has its own steam boiler, but one boiler is frequently used to drive n number of 



The great area these oranca can cover, their ncHlenite cost, and the great height uf jib, 
together with the facility which the cnnslruction aflTorils fijr moving and re-erecting, render 
them apecially useful to contractors, buildera, quarry -ma etera, &c. The relative vulue of lleam 
as compnred with manual power was aiceitaincd in tbe nae of Eome hand derricks which the 
authors altered to work by steam power, when one crane eo altered did aa much work as ais 
hand cranes with four men to each. '1 he cost of working the eteam crane did not exceed 12b. 
per day; the total coat of the atti rations waa therefore cleared in a few weelis, to hay noti ing 
of the immense ndvantage in the saving of lime which is obtained. The radius given in tiie 
subjoined table is that generally found ueeful Ibi each size, but it can be modified to almni<t 
any e\leat Uesired. 
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Power of crane 

Maximum radius . . 

Number of cylinders, diame- 
ter, and stroke . . 

Price with fixed jib 

.„ derrick jib .. £20U 

Price extra with slewing V 
motion .. .. ../i 

Price extra with boiler and 1 1 n-Q 
tank .. .. ../j 

Price extra for iron housing £15 



1^ ton 2 tons ! 2} tons 3 tons 

35 ft. 25 ft. ' 35 ft. i 25 ft. 

H 1,6x10 in. I,7xl0in.! 1,7x10 in. 1,7x10 in. 

!! £190 £190 £235 £235 

£250 



£200 













Approximate weight 



4 tons 



£75 

£15 
4 tons 








£25 








£250 



£75 

£18 
5 tons 










»> 



measurement ! 300 cub. ft. 300 cub. ft. 400 cub. ft. 



£25 








£75 











£18 
5 tons 
400 cub. ft 



3 tons 
35 ft. 

1,7x10 in. 

£300 
£330 

£30 

£75 

£18 

6 tons 
500 cub. ft. 



Power of crane 
Maximum radius . . 
Number of cylinders, diame-j 

ter, and stroke . . / 

Price with fixed jib 

„ derrick jib 
Price extra with slewing \ 

gear . . « . . . ) 
Price extra with boiler and| 

water tank . . j 

Price extra with iron housing 
Approximate weight 

,, measurement 



5 tons 
25 ft. 



6 tons 
35 ft. 



4 tons 
30 ft. 

1,7x10 in. 

£300 

£330 !£390 £490 

£35 



2, 6x10 in. 2, 6Jxl0in. 
£350 o'£450 



£30 

£75 

£18 

6 tons 
500 cub. ft. 



£30 

£80 

£20 

7 tons 
500 cub. ft. 



8 tons 
30 ft. 

2,6Jxl0in. 

£450 
£490 

£35 



£80 

£20 

7 tons 
600 cub. ft. 



10 tons 
25 ft. 

2, 7J X 10 in. 

j£540 
£590 

£40 



£80 i £80 



£25 

9 tons 
700 cub. ft. 




0> 



£25 

12 tons 
800 cub. ft. 



Chains to reach to ground line are included in these prices. The cost of packing for shipment 
is 3 per cent. 

Hand derricks, see pages 52 to 54. 

The engraving, Fig. 110, ia from a photograph of a 3-ton steam derrick without boiler which 
was used in the construction of the Calcutta Waterworks. 

Several ofi the 8-ton derricks, Fig. Ill, were used in the construction of the harbour works 
at Fiume. Each of these had a fixed double jib, and was fitted with a steam boiler and slewing 
gear for turning the crane. 

FLOATIHO DEBBICKS, Fig. 112. The use of these cranes has extended so much during the 
last few years that most dock companies now have one or more for transferring heavy packages 
of machinery, &c. from barges or railway trucks, and putting them on board vessels alongside 
the quays or jetties in the (K)ok8 or streams. They are also used for lifting and depositing the 
heavy concrete blocks employed in the construction of breakwaters or for unloading heavy 
goods at foreign ports which do not possess harbour or dock accommodation. The floating 
derrick can be constructed of any power, but that most generally useful will deal with loads 
up to 20 tons, and reach 20 ft. dear of hull, with a dear height of not less than 60 ft. from 
deck to underside of boom. 

These were the dimensions of one designed by the Authors for the East and West India 
Bocks, the hull being of iron and rectangular, 70 ft. long x 32 ft. beam, with a tower above 
deck of wrought iron, the varying IcMnds being always counterbalanced, thus keeping the 
craft on an even keel. Water ballast had hitherto been used as a counterweight to the load, 
but apart from the loss of time and the cost of filling the ballast tanks, the water ballast causes 
the vessel or hull to heel over to a considerable extent in the opposite direction before the load 
can be lifted, and does not then act uniformly whilst the boom is being turned round ; furtlier- 
more, it can only be turned through a limited part of a circle with safety. These objections 
are, however, entirely overcome by the use .if the self-acting counterbalance adopted in the 
design above referred to, which is an essential feature in this design, because the counterpoise 
is always in proper relation with the load whatever may be the position of the boom. 

The boom or jib can be turned completely round and round like an ordinary pillar crane, 
and as it only projects over the side carrying the load, the derrick will lay between two vessels 
and load into either without fouling tiie yards or rigging of the other. The boom also has a 
racking in and out motion, to alter the radius from 15 ft to 35 ft. Two steam-driven capstans, 
fore and aft of the hull, are provided for warping up to vesaelB, hauling barges into position, ^c. 
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Fig. H2. 

./□d the vessel is Belf-propelliDti: by tneanH of a pair of twin screws. The engines and boilei. 
are id duplicate, either engine or boiler being sufficient to work the macliiaery. All the 
leverj are carried up to the platform on the tower, which enables the engineer to obtain a 
clear view of the hold of a higli-sideti ehip whilat manipulatinK tlie wliole of the motions. 

The hull has two water-tight bulkheuda; dividing the vessel into three compartmcnte : oDe 
being devoted to tbe boilers, the centre one to the enginea and tnachinery, and the third gives 
accommodation for crow and stores. 

The cost of such a derrick complete is about £7000. For foreign ports the hull is 
only paitially rivetted up, and shipped in sections, or the hull could in many cases be fltted for 
the voyage out, and the tower. &c. erected at its destination. The foregoing de£oripliou is ooly 



HOISTING MACHINERY.— Section 2. 19 

intended as an indication of what in practice is found usefal, machinery of this character 
being almost always made to special designs. 

A less costly coDstruction of floating derrick, but one frequently used, consists of a strongly- 
built hull with a pair of fixed shear legs overhanging the stem and tied back to the stem. The 
load is partially counterbalanced by water ballast pumped into and out of tanks provided to 
receive it. If the vessel is fitted with engine power, it is brought into position by twin screws 
driven by the same engines as are used for giving ihe lifting motions, or by power capstans on 
the deck ; but in some cases a floating derrick is so rarely required, that all the work can be 
performed by powerful hand-winches of the tjrpe shown in Fig. 213 or 214, and hand-power 
capstans or a winch similar to Fig. 214 may be'driven by a portable engine. 

This construction is inexpensive as regards the first cost, but the number of hands required 
increases t^e working expenses very considerably. 

FOBTABLE 8TEAH GBAKE8, to work heavy loads up to 15 tons, and at a radius which, to 
be practically useful, should be from 15 ft. to 25 ft. radius, have been but rarely constructed, 
owing to the difficulty which has been experienced in obtaining the necessary stability on a 
narrow gauge of rails. Such cranes can however be constructed to travel on the 4-ft. 8^-in. gauge, 
or even on the metre gauge, but when at work, the base must be increased by cross girders, sliding 
from the carriage, fastening down or some such expedient. If, however, a crane of this power is 
not required to run with ordinary rolling stock, the widest gauge possible should be allowed, 
when it becomes as easy to make a 15-ton or 20-ton portable crane as one for 5 tons on the 
4-ft. 8J-in. gauge. 

The first cost of these cranes may appear high, but when it is considered that one of them 
will generally answer the purpose of two or three fixed cranes, which, with the cost of founda- 
tion, will amount to a large sum of money, the balance will probably be greatly in favour of the 
portable steam cmne, which can move itself to any point where it is required to work, and be 
operated by one man, especially when the cost of labour in each case is considered. 

The following description will give a general idea of the construction. The crane has a pair 
of steam cylinders with link reversing motions, and the engine shaft is fitted with three sets of 
bevel wheels, each set having reversing clutches and levers for putting them into contact. 

The first set of wheels and clutches gives motion to the slewing or turning of the jib in 
either direction ; the second set is for driving the travelling wheels of the crane, and the 
third set for altering the radius of the jib from the minimum to the maximum radius. 

The set'first named is fitted with friction clutches, and the power is taken by a train of 
wheels to two large friction rollers, which are placed at the foot of the jib, and travel on a 
turned path. Both these wheels or rollers are driven and the crane jib is slewed simply by 
the adhesion of surfaces; this eflfectually prevents the breakage of the gearing, which would 
otherwise inevitably result from starting or stopping the jib too suddenly. The slewing gear 
has two speeds. 

The second set has toothed clutches, and transmit the power from the engine shaft to a 
vertical shaft passing through the centre of the crane post to the centre nxies of the cmne 
carriage, the leading and trailing wheels being coupled by horizontal shafts and bevel gear ; 
or, if the crane is on springs, the leading and trailing wheels are coupled by pitch chains or 
side rods ; in either case all wheels are drivers. 

The third pair also has toothed clutches, and drives a worm shaft working into a tangent 
wheel keyed on to a chain barrel, to which are attached the guy chains ; these, with the pulley 
block, take the place of the ordinary tie rods, and sufficient power is obtained for lifting the 
jib with or without a load. 

The lifting gear is single and double purchase, and the oliains can be made single, double, 
or treble to the jib head, thus giving, in conjunction with the gearing, a great variety of 
powers. All these motions can be worked by hand if desired. 

If the crane is for a narrow gauge, the cross girders in the carriage are fitted at their 
extreme end with jacking screws or small hydraulic jacks, and when a load is lifted, a packing 
of timber is placed under the jacks, thus reUeving the road from undue strain, and increasing 
the base and stability of the crane. 

The 10-TON LOCOHOTIYE STEAM CBAKE, Fig. 113, is from a photograph of a crane 
to travel on 4-ft. S^-in. gauge, built by the Authors for the East and West India Docks, for 
unloading timber and all kinds of merchandise from large vessels which are a great height 
above quay level when light. 

The crane does not vary greatly from that last described, excepting that the axles are left 
long enough to take a set of outside wheels with plain surfaces or flanged wheels for the purpose 
of increasing the wheel base ; it also has the sliding cross girders, and a wrought-iron box for 
carrying counterbalance weight behind the steam boiler. 

The carriage and jib are of wrought iron, and the crane is self-propelling, both pairs of 
wheels being driven. For price see page 21. 
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The 7-TOV 8TEAH CRAVE, Fig. 114, is the type so largely used in all parts of the world, 
and selected by the commissioners for the international exhibitions in London, Paris, Vienna, 
and Philadelphia, for unloading the heavy prckages, and specially for placing in position and 
partially erecting the machinery ; and the duty for which they were employed has in each 
case been performed in such a manner as to secure for the Authors medals of the higliest 
clasifs ; indeed, their cranes were exclusively used at the Philadelphia Exhibition. 

All the cranes of this type, from 3-tons power and upwards, are mounted on strong cast-iron 
carriages, unless an exceptional gauge is required, involving the use of wrought iron. The 
maximum radius at which each crane will lift the maximum load is given ^n the accompanying 
list, and if a greater radius is required for a given load, a crane of greater power should be 
used, but lighter loads than are specified in the list may be lifted at an increased radius. 

The great advantages derived from the use of steam portable ci-anes at previous Exhibitions 
induced the British and Austrian commissioners to request Messrs. Appleby Brothebs, of 
Southwark, to supply three cranes for service at Vienna, to lift 7, 5, and 3 tons respec- 
tively. (See report in Engineering^ June 20, 1873.) The largest of these is illustrated by the 
double-page engraving (pages 22 and 23). Some important improvements have been introduced 
since this crane was made, but the general appearance and proportions remain the same. The 
carriage is cast in one piece, tlie horns being provided with bearings for travelling wheels, and 
bosses fur rail clip.^, and there is a turned roller path in centre of carriage. All motions, 
namely, lifting, turning, altering radius, and travelling, are taken from a pair of direct-acting 
steam cylinders placed i^lightly at an incline, one outside each side frame. The crank pins are 
fitted into balanced disc plates ; each cylinder has link reversing gear, and the piston rods are 
guided by blocks working in bored guides cast to the cylinder covers. The post is of wrought 
iron turned to fit the revolving bed which carries the side frames. The feed-water tank and 
vertical boiler are carried from the revolving bed, and are placed at such a distance behind the 
post as to form some counterbalance to the load to be lifted. The lifting power is conveyed from 
the cmnk shaft to the chain-barrel by means of spur gear, and the load may be lowered by 
reversing the engines, or by tlie brake. The turning motion is obtained through double 
friction clutches, and the crane may be moved in either direction simultaneously with aiiy 
other operation; this motion being performed by driving the friction roller under the jib 
instead of through toothed gear on the carriage, the risk of breakage is greatly reduced. The 
derrick motion is obtained by a worm and tangent-wheel on the chain4)arrel, the worm locking 
the jib in any position. The travelling motion is conveyed from the crank shaft to both axles 
by a train of spur and bevil gearing, one shaft passing down the centre of post. The working 
expenses for these cranes in London are about 128/ a day, the average daily work of a 3-ton 
crane being 300 tons lifted 30 feet and deposited in trucks. 

Prices of Portable Steam Cranes, Figs. 113, 114, and 115. 



Power of crane . . 


3 tons 




5 tons 




7 tona 




10 tons 


Maximum radius with full load . . 


14 ft. 




14 ft. 




15 ft. 




16 ft. 


Number of steam cylinders, dia- ^ 
meter, and stroke . . . . . . / 


2,6^x10] 


in. 


2,6JxlO] 


in. 


2,7Jx 


10 


in. 


2,7Jxl0in. 


Price of ci-ane to lift and turn with \ 
fixed jib / 


£400 





£500 





£600 








£800 


Price of crane to lift, tura, and alter^ 
radius of jib, all hy steam . . / 


£425 





£530 





£635 





9 


£850 


Price of crane to lift, turn, and alterl 
radius of jib, all by stenm,aud travel/ 


£450 





£560 





£680 








£900 


Price extra for wrought-iron jib . . 


£8 





£15 





£20 








£25 


Price extra for set of rail clips 


£5 





£6. 





£7 








£10 


Price extra for felting, lagging, and \ 
casing boiler / 


£15 





£18 





£20 








£20 


Price extra for galvanised house . . 


£20 





£25 





£28 








£32 


Price extra for cross girders to in*'^ 
crease baie . . . . . . . . / 


£10 





£15 





£20 








£25 


Price extra for steam donkey pump| 
and fittinjrs / 


£13 





£13 





£15 








£15 


Price extra for injector and fittings 


£8 





£8 





£10 








£10 


Price extra for stoking tools and ) 
fitter's tools .. .. ../ 


£4 





£4 





£4 








£5 


Approximate weight 


lOJ tons 


13f tons 


16J 


tons 


20 tons 1 


„ measurement 


500 cub. ft. 


580 cub. ft. 


700 cub. ft. 


900 cub. ft. 
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ThB S-TOK OBUrB, F^. 115 (No. 11), is of exactly tho Bsme design aa Fig. 114. the 
pioportiaiu only being diffeiont.' thia cmne was not fitted witli Belf-propelliug gew, but 
the foregoing description will apply geQerally to ii For price stw page 21- 



Fig. 115. 

The S-TOir FOBTABLE aTEAM CRAHZ. Fig. 116, differs materially from those last 
referred to, and waa designed with a riew of prodnoing a crane to perform tlie two functions 
most required, those of lifCini and turning, at the lowest caet consistent with strengtli and 
thorough efBciency : these caiiditiona have been obtained most complelely, and cranes of this 
construction are especiall]' suitable for contractors' use or for any work which does not require 
a variable radius of jib or steam travelling motions. A reference to the prices of these, and of 
the type, Fig. 114, tliows a wide difference in cost, but apart from this, for some kinds of work 
tbere is an advantage in the centre of gravity being kept bw, and iu having nothing to impede 
the view of the driver when working. 

The 9-b>n crane has two steam cylinders placed hnrizontally on the bed plate, and is fitted 
with case-hardened link reversing motions; tho lifting gear is single purcbiisp, tlie donble 
chain and block being used only when lifting the maximiuu load. The first motion of the 
slewing gear is given by double friction clutches, so that the crane may be turned in either 
direction simultaneously with lifting or lowering; and the power is transmitted by suitable ccar 
to the two friction wheels at the foot of the jib. Both of these wheels being driven, not only is 
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The levers for working the several motions are brought together as shown, and as they all 
move in one direction, the crane is very handy and easy to work. It will be observed that the 
ordinary crane post is dispensed with, and is replaced by a central wrought-iron pia with a 
solid head, which works on loose washers surrounded by an oil chamber. The lower end of the 
pin is firmly cottered into the crane carriage, so that the strain on the pin is tensile, a principle 
which has been successfully adopted in the construction of cranes of the heaviest kind — up to 
50-tons load, at 35 feet radius. The boiler is fixed on a feed-water tank, and is set back as far 
as practicable from the centre of the crane, and forms a useful counterpoise to the load ; the 
feed pump is worked from the cross head of one of the engines, and the boiler is supplied with 
all necessary furnace and steam mountings, including double safety valves, and Bourdon's or 
other approved steam pressure gauge. The crane carriage for aU powers is in one massive 
casting ; the smaller sizes have only one roller under the jib, and usually only one cylinder, but 
they ai^e made with double cylinders at an extra cost of from £15 to £20 ; this is done by fixing 
a cylinder at a right angle with the horizontal cylinder, the pistons being coupled to the 
same crank pin, one set of eccentric sheaves and straps serving for both link motions. This 
arrangement is adopted when it is considered essential that light cranes should have two cylinders, 
but experience has amply proved that a single cylinder with large ports is easily handled after 
very little practice, and that there is great advantage in the relatively large wearing surfaces of 
the single cylinder as compared with' those of two smaller cylinders. Probably the total economy 
will be in. favour of the single cylinder for small cranes, the main question being rather low cost 
of maintenance than some possible saving in consumption of fuel. 



Pbices of Pobtable Steam Cranes, Fig. 


116. 




Power of crane 


li ton 


3 tons 


4 tons 


5 tons 


Maximum radius with maximum \ 
load . . . . . . / 


12 ft. 


14 ft. 


14 ft. 


14 ft. 


Number of cylinders, diameter, and^ 
stroke . . . . . . . . / 


1,7x10 in. 


1, 7i X 10 in. 


1, SxlOin. 


2,7xl0in. 


Price of crane to lift and slew . . . 


£250 


£300 


£350 


£425 


Price extra if with two cylinders . . 


£15 


£18 


£20 




Approximate weight 


6 tons 


7 tons 


9 tons 


11 tons 


* „ measurement 


300 cub. ft. 


400 cub. ft. 


450 cub. ft. 


500 cub. ft. 



For prices of housings, &c., for cranes, see page 21. 



LOCOMOTIVE STEAM CRANES ON PERMANENT-WAT CARRIAGES, Fig. 137. The 
superstructure is the same as is described and illustrated. Fig. 114. The carriages are, however, 
of different design, and are constructed to run at high speeds with ordinary rolling stock, as 
required more especially by railway companies. The use of these cranes is now becoming 
very general, and they are rapidly superseding the hand cranes hitherto employed for special 
service, or for breakdown work. 

The engraving of this crane is reproduced from that which appeared in Engineering^ 
September 10, 1875, with the following descriptive matter : — 

*' The locomotive steam crane, illustrated on the preceding page, and built for the Midland 
" Bailway Company, carries a load of 5 tons. Tho travelling motion can, however, be thrown 
^' out of gear, and the crane, being securely locked, can be attaclied to a train for travelling to 
•• any part of the line where its services are required. The cylinders are fitted with link 
" reversing gear, and the several motions are transmitted from the engine shaft ;' there are four 
** speeds of lifting, and the load can be lowered either by the brake or by reversing the engines ; 
" the turning motion is effected through double friction clutches, and suitable gear which 
" drives a wide roller immediately under the jib, and this operation is performed in either 
" direction, and simultaneously with atiy of the others, and being obtained entirely by the 
" friction of surfaces instead of by toothed gear on the bflse-plate, the risk of breakage arising 
** from stopping or starting too suddenly is entirely avoided. The derrick motion for altering 
" the radius is worked by worm gear and a pair of chains, on^ end of which is attached to the 
*' crane-frames, the other end coiling round the derrick barrel. The travelling motion is 
" obtained by a shaft passing through the centre of the crane-post, and driven from the crank- 
" shaft, the lower end of this vertical shaft giving motion to another shaft fixed horizontally 
*' under the crane-carriage, and in order to allow of the deflection of springs, the power is 
" transmitted through pitch chains from this shaft to both travelling axles. The crane is 
" mounted on a wrought-iron carriage similar in all respects to the ordinary permanent-way 
" stock, and it is used at the company's shops at Derby, or is sent to different parts of the line 
" where lifting power is required. The jib is curved in order to give suf&cient clearance for 
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" lifting large logs on to trucks, for stacking timber, &c., or even to lift a disabled truck and 
•• place it on a goods wagon. We understand that several cranes of this type have been 
•' delivered to the Midland Bfdlway Company, or are now in course of construction, and it 
•' would certainly appear that great economy, both in time and labour, would be obtained if a 
** few cranes of this type were used, instead of a far larger number of fixed or permanent-way 
" hand cranes which are now so generally used, many of them at stations where they are not 
" employed half a dozen times in a year. In the event of an accident on the line there can be 
** no question that the rapid working of steam as compared with hand power, would greatly 
*' reduce the time required to clear away debris, and possibly might thus mitigate much suiferiug 
•' caused by accidents to passenger trains." 
For prices, &c. of tiiese cranes, see list below. 

The crane, Fig. 118, of 3-tons power, was constructed for the Finland States Railways, the 
variation being only in the jib and the general proportions. A crane of this type was also 
selected by the commissioners for the Philadelphia Centennial Exhibition for use in the 
American section. 



Price List op Locomotive Permanent-way Steam Cranes, Figs. 117, 118. 



Power of crane 


3 tons 




5 tons 




7 tons 


10 tons 


Number of cylinders, diameter, and) 
stroke . . . . . . . . / 


2,6ixl0 


in. 


2,61x10 


in. 


2, 71x10 in. 


2, 71 X 10 in. 


Maximum radius with full load . . 


14 ft. 




14 ft. 




15 ft. 


16 ft. 


Price of crane to lift and turn 


£160 





£610 





£690 £1000 


Price of crane to lift, turn, and j 
derrick / 


£485 





£640 





£725 


£1050 


Price of crane to lift, turn, dei*rick, \ 
and travel.. f 


£510 





£670 





£770 £1100 


Price extra if fitted with handles ) 
for hand / 


£5 





£5 





£10 


£10 


Price extra for set of rail clips 


£5 





£6 





£7 


£10 


Price extra for felting, lagging, and! 
casing boiler / 


£15 





£18 





£20 


£20 


Price extra for galvanised iron house 


£20 





£25 





£28 


£32 


Price extra for sliding cross girders 


£10 





£15 





£20 


£25 


Price extra for straight iron jib . . 


£10 





£15 





£18 


£20 


Price extra for curved iron jib 


£15 





£20 





£30 


£40 


Approximate weight 


12 tons 




15 tons 




18 tons 


23 tons 


„ measurement 


600 


1 


700 




850 


1050 



The above prices include springs, buffers, draw-springs, couplings, safety chains, wheels 
and axles of best make, brakes, &c., as shown. The 10-ton crane has a six-wheeled carriage. 

The POETABLE ETOINE WITH HOISHHG OEAB AND CEAHE JIB, Fig. 119 (No. 13), 
has been designed specially to fulfil the requirements of builders and contractors more com- 
pletely than an ordinary portable engine. The first cost of these engines is but little in excess 
of the ordinary portable engine, and they Ijave been used for several years past in the con- 
struction of some of the best organised public works in Great Britain and the Colonies. 

If it is essential that the motive power should be used for driving machinery continuously, 
whilst the lifting motion is only used intermittently, as shown in the outline engraving. Figs. 
120 and 121, the engine should be fitted with governors, and the lifting motion driven by 
friction gearing or spur gearing put into motion by a friction clutch. 

The advantages of this arrangement have been amply proved on the extensive harbour works 
carried out under Sir John Coode, C.E., in the Isle of Man, Jersey, South Africa, &o., where 
engines of this type were used to drive the stone breakers and concrete-mixing apparatus 
required for making the concrete blocks, and at tlie same time lift the materials to supply both 
machines. 

In the formation of the Metropolitan and St. John's Wood Hallway several of these engines 
were worked in the centre of the St. John's Wood Road, and although at certain times of the 
day it is much crowded with carriage traffic, no inconvenience was experienced. The. mode of 
working adopted by Mr. Eagles, who superintended the work on behalf of Messrs. Lucas and 
Aird, was as follows. I'he excavation being in open cutting to an average depth of about 
30 ft. below the road level, and, as already stated, in the centre of a busy thoroughfiare, it wa« 
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necessary to complete the tunnel below and make good the surface as quickly as possible. The 
work was therefore taken in short lengths, the engine being on a line of rails laid on timbers 
over the excavation, which was in suud; the sides were timbered, and the timbering was 
removed for subsequent use, as the work was completed and filled in. The engine and a 
mortar pan were fixed on a timber frame with wheels to run on the rails over the cutting, and 
being fitted with frictional gear, it was used for lifting the excavated stuff from the cutting 
below and tipping it into carts for removal ; and at the same time it was driving the mortar 
pan continuously, which prepared the mortar required in the construction of the brickwork of 
the tunnel. 

The total working expense of the engine whilst performing the work above described, 
including fuel, wages, oil, &c., amounted to 178. 5(2. per day, or, including depreciation and 
interest on plant, about £1 per day. 

The following data have been kindly supplied by Mr. Maxwell, O.E., under whose superin- 
tendence the Biver Medlook Improvements were carried out in 1868 and 1869. The duty 
performed by one of these cranes with spur ge-ir was 565 tons lifted 33 feet high, in turnover 
skips, and discharged into carts, in a day of ten hours, the total working expenses being, for 
fuel, wages, oil, &c„ depreciation, and interest on plant, 138. per day, or equal to about 
one4hird of a penny per ton lifted 33 feet high. 

When fitted with broad wheels, locking fore-carriage and shafts, as shown in Fig. 119, these 
engines are as easily moved from place to place as an ordinary portable engine, and an arrange- 
ment is provided for securely locking the fix)nt axles rigidly to the frame whilst the engine 
is at worx ; if required, they are .made with small plain wheels at each end, without locking 
plate, &c., or with single or double flanged wheels, for 4-ft. 8}-in. or other gauge. 

The jib will describe about three-fourths of a circle, and pulls round very lightly by hand, 
the man stationed to tip the buckets and do the trimming in the carts pulling it round by a 
rope to the jib head. The starting valve, cluteh levers, foot brake, feed pump, &c. are all 
brought together, so that one man can easily work the crane. 

"Hie frame is of wrought iron ; the pedestals have gun-metal bearings, and the fly-wheel is 
made wide on the face and turned so as to be available for driving any kind of machinery by a 
strap, and the shaft is long enough to take on extra pulley. 

Each crane is provided with a chain of suitable length to reach 20 feet below ground-line. 
The end of the chain barrel shaft is left long enough to take a pumping arm for working 
pumps, &c., and they have been fitted with large drums for wire rope inside or outside the 
framing. 

The engraving. Fig. 123 (No. 15), shows a crane of the same type, but of 3 horse-power, and 
to lifl: 5-cwt. loads at higb speed. 



Hoisting Engines, Figs. 119 and 122. 








Nominal Horse Power . . tons 


Single CttiTndeb. 


Double Cylinder. 


3 


4 


6 


8 


12 


•6 


8 


12 


Diameter of Cylinder 


5§" 


6i" 


H" 


9" 


11" 


5i" 


61" 


7i 


Price, without wheels and axles^ 

rfor fixing on brick or timber) / 

Price, with plain or fianged wheels | 


180 


218 


249 


282 


352 


275 


343 


397 


































for tram or rails (without shafts > 


185 


223 


255 


289 


360 


281 


350 


405 


and lockin^^-plate) .. ..i 


















Price, with road-wheeU, shafts,! 
and locking-plate . . f 


190 


228 


260 


295 


370 


286 


S55 


415 


















Extra for governors and expan-l 
sion-valvo .. ..1 


10 


12 


13 


20 


25 


15 


20 


25 


Extra for link-motion reversing^ 
gear . . . . . . . . / 


7 


8 


10 


11 


12 


15 


18 


20 


















Extra if fitted witli frictional gear 


5 


7 


9 


11 


13 


9 


11 


13 


Extra for felting, lagging, and( 
covering boiler with sheet-iron ( 


10 


12 


13 


15 


16 


13 


15 


17 


Extra for skeleton roof .. 


8 


9 


10 


10 


10 


10 


10 


10 


Extra for packing for shipment . . 


6 


7 


8 


9 


10 


8 


9 


10 


Approximate weight Tons 


3i 


4* 


5 


n 


S} 


4 


n 


Si 


„ measurement ..Cub. ft. 


200 


270 


380 


450 


550 


350 


450 


550 
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STEMI HOISTING ENGINE AiVA C/?AA/«:. 

Fi"r. 120 



•»0/?TAaZ.£ '40RTAR P»AJU 



Elevation of Fig. 119 (No. 13), portable engine with cmno, fitted with frictional gear for 
driving a mortar pan at the same time as hoisting. 





gnMf HOISTIMb EH6IHE 
AMD CtUNE 




ANO QEneRALJomem 




SHAPTING 




Fig. 121. 

Plan showing an engine of the type, Fig. 119 (No. 13), working a small plant of builder's 
machinery by a line of shaft fixed on a couplj of timbers, and driving a mortar mill, saw bench, 
grindstone, and pumps. The engine can at the same time be made available for hoisting 
materials on the building in oourse of erection, as shown in Fig. 120. For price, see page 31, 
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HmK&iniC (SUITES. The use of hfdnialio power foi working cranes, hoists, engines na 
motors for capstuaB, opening and cIoBing dock gates, swiDging brid}i;es, &a., is so general, 
and BO well understood by engineers, that it will be Dnnecesssry to describe the system lit 
detail ; the followia^ brief deEcription may, howeyet, enable the non-ptsclical reader to form 
an opinion whether it is adapted for any special object he may have in view, whelher for dock?, 
railway depots, warehouses, or eBtablishmeiits of a umitar character. 

AssnmiDg tbnt it has been decidei! to aiiopt the hydraulic syetem, it is desirable, but not 
essential, that the buildings to contain the engines, boOers, and atcumulstors. should be as 
ccntrul as possihli', and these should all be proportioned to the present and protprdive magni- 
tude of the works, or apsce shouM at all events be allowed for the probuble duplication of 
plant 

Tlie boilers are usually of the Cornish type, and each of the engines is fitted with a double- 
acting hydmulic pump coupled directly lo the end of the piston-rod, and each pump forces the 
water into an oi.'cumulator. 

The Bccumulator is a vertical cylinder, which is proportioned in diameter and height to the 
number and power of the cranoa or other machines to bo employed. This cylinder ia tilted with 
a leather collar or glaud, through which works a riim or plunger with a maaaive crosshead on 
the upper end, to which is attacned an annular weight case surrounding and slidiug over the 
above-named cylinder. The weight case is tilled with ballast until the total weight on the nun 
if equal to (usually) 700 lbs. per square inch; wafer is then forced into the cylinder or aocu- 
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mulator by the hydraulic pumps, until the ram, loaded as above described, reaches the top of 
the accumulator. At this moment a self-acting^ arrangement arrests the motion of the engines, 
but immediately the ram begins to descend, in 'consequence of some of the stored power 
having been used, the engines and pumps are set in motion automatically, and the rum is 
again lifted. 

It will be clear that the water contained in the cylinder (so long as the weight case is 
sustained by the ram) will be under the pressure due to the area of the ram and the load on it, 
and that all the mains taken from this cylinder or accumulator will likewise be under the same 
pressure (assumed at 700 lbs. per square inch); the mains and branches may be taken to 
almost any distance, with no loss excepting that due to friction, and as the (quantity to be 
passed is small, if the' mains are a reasonable size, this amounts to very little; it, however, the 
mains are carried to a great distance, an accumulator should be pliiced at both ends of the works 
(the mains are frequently carried three to four miles), and small branches are taken from the 
main pipes to supply cranes, hoists, hydraulic engines, &c. at any point where power is required. 

It will be well to b€»r in mind that, as the cylinder must be filled every time it is used, 
exactly the same power is expended in lifting the empty chain as is required to raise the maxi- 
mum load the same height, and that true economy wUl be obtained by adopting the treble ram, 
or some similar expedient, for all loads above 10 cwt. ; the first cost is of course somewhat 
greater than if the single ram is used, but it will be amply repaid in the lower working expenses 
due to the lower consumption of power. 

Engravings and descriptions of a few of the cranes used in connection with this system are 
iven in the following pages, and instances will be referred to where a natural - 






head of water has 



been used with great advantage and economy. 



HYDSAUUC FIXED WHABF or PILLAB GBAHE. The 20-ton crane, Fig. 123, em- 
bodies many improvements, and gives a general idea of the construction adopted for all sizes 
and for all sweeps. The chief improvement is that the crane is entirely self-contained, the 
whole of the machinery being carried within the crane structure, obviating the necessity of 
costly foundation pits dose to the crane, and saving the immense ground space occupied by 
cranes of the old construction, in which the cost of foundations is often equal to the cost of the 
crane and that of the whole of the machinery ; the valve gear being on the crane also simplifies 
the construction. 

The crane is fitted with three lifting cylinders, giving three lifting powers, for 7, 14, and 20 
tons ; for the lowest powe? only the centre cylinder is used ; for the second power, the two outer 
cylinders without the centre one ; and for the full power all three cylindera are used. Another 
advantage in this design of crane is that, the cylindera being vertical, the use of a cylinder to 
overhaul the lifting cylinder is avoided, and a much lighter ball can be used on the lifting chain ; 
the slewing cylinder is double-acting, and will slew the jib a complete revolution. 

The crane jib is constructed chiefly of wrought iron, and can either be raised on a wrought- 
iron pedestal, as shown, when a great length under the jib-head is desired, or sunk in a 

pit of masonry. 

Hydraulic power can be fitted to the Fairbaim cranes, Fig. 101. 
Hydraulic hoists and lifts, see pages 96 to 99. 
Hydraulic engines, see Section 1, pages 52 to 54. 

Price List op Htdeaulic Whabp ob Pillab Obanes, Fig. 1.23. 



Power of crane 


3 tons 


5 tons 


10 tons 


15 tons 


20 tons 


Rarliusofjib 


14 ft. 


16 ft. 


18 ft. 


20 ft. 


25 ft. 


j Number of powere . . 


Single 


Single 


Double 


Double 


Treble 


Price of crane exclusive of ^ 
pedestal foundation ../ 


£300 


£500 


£750 


£1000 


£1500 


Approximate weight 


5 tons 


9 tons 


18 tons 


25 tons 


30 tons 


,, measurement 


700 cub. ft. 


1000 cub. ft. 


1500 cub. ft. 


1800 cub. ft. 


2000 cub. ft. 



The measurements are given supposing the cranes to be rivetted up ; for shipment they may 
be sent in sections, and thus reduce the measurements. 

Cranes of a similar type, and made very light, are much used for discharging coals, &c. from 
ships and steamers. These are fitted with a simple apparatus for weighing the coal lifted, the 
talley being kept by the crane man, or by the man tipping the buckets, but if the weighing-in is 
not required, the crane can be fitted with self-discharging buckets. The buckets or skips for 
discharging coal usually contain half a ton, that being found in practice the best size to use in 
the hold. For illustrations of skips, see Section 5, 
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INDEPENSEHT HTDSATJLIC PLATFORM CRAKE. A very simple and inexpensive form 
of independent hydraulic platform crane is made for lifting loads up to 30 cwt. a short distance, 
such as would be required for transferring goods from railway waggons on to the platform of a 
goods shed, or direct into vans or carts. Tlie cylinder forms the column or crane post, and it is 
turned by hand power. These cranes are used at small stations, where an engine is constantly 
at work pumping water for the locomotives ; and the same engine is utilised to drive a small 
pump in connection with a cheap form of accumulator of sufficient size to work one or two 
cranes only. 

The price of one crane, pump, and accumulator, is £180. 

The price for two cranes, with pump and accumulator, is £250. 

HTDRAUUC WAREHOUSE CRAKE, Fig. 124. These cranes are usually fixed against the- 
outside wall of a warehouse to a timber framing:, as shown by the side and end elevations, and in 
connection with a swing crane jib on the outside pf the warehouse. The jibs are frequently of 
greater sweep than that shown, built up of plate and angle-iron, and fixed in a central position 
between two tiers of doors, one crane being thus made available for both sets of doors. The 
top pair of cylinders shown are used for slewing or turning the jib, and the bottom cylinder and 
ram for lifting the load. The illustration is taken fr« m a number of cranes constructed and 
erected in an extensive range of wool warehouses in the East and West India Docks. 

As these cranes are required of all powers, height of lift, and radius of jib, it is impossible 
to make a complete price list, but the prices of the cranes in question are given with and 
without slewing gear. 



Power of crane .. 
Height of lift .. 
Badius of crane jib 
Price without slewing gear 
Price with „ „ 

Approximate weight of each 

measurement of each 












n 






12 cwt. 

28 ft. 

6 ft. 

£125 

£165 

2 tons 

80 cubic ft. 



20 cwt. 

28 ft. 

6 ft. 

£150 

£200 

2.^ tons 

100 cubic ft. 



Prices, &c. of hydraulic lifts and hoists, see pages 96 to 99. 
Prices, &c. of crane jibs, see pages 46 and 47. 

HTDRAXJIIC PORTABLE CRANES are practically as yet a thing of the future, but the 
Authors have recently taken out letters patent for a crane which will probably to a great extent 
t^ke the place of the large number of fixed hydraulic cranes now required wherever the 
hydraulic system is adopted. 

To carry this system into effect, the pressure mains will be laid in the centre of a line of rails, 
or parallel to it on one side, and a simple form of high-pressure hydrant will be fixed at any of 
the joints, which will be at convenient distances apart. The ciune will huvr a corresponding pipe 
connection, which, when attached, will force inwanls the valve of the hydrant, and, when dis- 
connected, this valve will come back to its seat and retain the pressure in the mains. The pipe 
can thus be taken tlirough the crane post in the usual manner to the cylinders for lifting and 
slewing. 

Another method is adopted when the crane is required to be in motion on the rails at the 
same time us it is actually in work. The connection between the hydrants on the pressure 
mains and the crane womd then be made by a flexible tube, fitted wiih a self-coiling and 
uncoiling apparatus. This system is equally adapted for working hydraulic or compressed-aii' 
travellers, single-rail cranes, &c. for use in workshops, warehouses, and goods stations; and 
it will be evident that such a system gives great facilities for concentrating the lifting power at 
any given point, and fewer cranes being required will, at the same time, enect a great reduction 
in the cost, compared with a fixed plant of macl.inery to do the same duty. 

HAHD-POWER FIXED CRAKES. The same general construction and arrangement is 
adopted for all powers, from 2 to 30 tons, the proportions only being varied for each power; and the 
working parts are so clearly shown in the accompanying engravings that a detailed description 
will be unnecessary. 

Pig. 125 is a 15-ton crane. I Fig. 127 is a 3-ton crane. 

Fig. 126 is a 10-ton crane. | Fig. 128 is a 2- ton crane. 

All these cranes have solid wrought-iron pillars, and Bre fitted with gearing of the most 
careful construction, proportioned to lift the maximum load with a moderate expenditure oi 
power on the handles. 
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Pig. 125. (for prices, tee paget 40 and 11.) 

Too muchcaroraimotbe taken with the gearing of liniid cranea, nlthougli the reverse is tcxi ollen 
the case, and it ia not unusual to find a power crane with properly forniwl toothed gearing, good 
boiringB, &c., everything, in fiict, to reduce the friction to the lowest possible limit, whilst hand 
ciaDisa will Iiave badly constmcled eearing, indifferent hearing aui&Mies, and altogether made as 
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^K- l^S- (For pricu, $et pagsM 10 andH.} 

if ftDjIhiog WOB good enough for b, hand crane, nttcTly disregsrding <be fact that the limiled 
amnnnt of paver availnhle with hand labour renders it imperative that the utmost care should 
be taken to make it ss piodnctive as poaaible. With this view all the ahafta have gna-aelal 
branny of good lenglli, flttid with loose cape and bolts, and lock-uuts where practicable. The 
cranes for iR (o 30 Inns hnTe treble-purchase gearing, and the chain can lie osed with a ranijle 
sheave block and treble chain, treble-purchase slewing gear, screwed chain barrel, friction sheave 
at fnot of jib and back of post, and double timber jibs. The cranes from 10 to 20 Ions have 
double-purchase lifting and slewing gear, and lift the maximum load with block and double 
chain, friction vhoel at foot of jib and back of pret, and the jibs are of a single timber. Bee 
Fig. 125. 

The ciaues from 5 to 6 tons have also double-purchase lifting gear, double sleniog gear. 
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Fig. 127. 

friction wheel at foot of Jib, but not at back of post: the; lift the full load with return chain, ani] 
have single timber jibs. The 3-ton and j-ton cranea. Fig 127, have double-purchase gearing, 
lifting the loads with single chab, but no friction rollers at foot of jibs, ai;d the slewing gear is 
single pui^base. The 2<ton crane, Fig. 12S, is as described for 3 aad 4 tons, but witbmit 
slewing gear. 

All sizes are fitted with wood-lined strap brake, pawl and ratchet wheel on tlie second-motion 
ahaf), glTir^ aiuple power to hold the load suspended in safety, or to lower it under full command 
by the brake. The chains are of the beat tested short-link kind, reach 15 teet below ground- 
line, and are properly proportioned to the power of the craue. The running block (when used), 
ball and liodc or Tam-head, foandalion bolta, and bottom toe-plates, fiir pillar, in short, ever^ 
thing to render the crane oomplete, read; for fixing, ia supplied and included in thu pria i 
quoted Iwluvr. 



Power of crane .. 


2 tons 


",,0.7 


4 tons 


5 tons 


Gtons 


Stons 


Badiuaofjib' 


12 ft. 


Htt. 


lift. 


14 ft. 


15 fr. 


16 ft. ■ 


Powers of lifting gear 


Double 


Double 


Doable 


Double 


Double 


Double 


Single, double, or treble! 
chain f 


Single 


Single 


Single 




_^ 


„ 


Single, double, or treMai 














slewing gear .. ../ 


■~ 


- 










Double or single jibfl .. 


Single 


Sinfile 


Single 


Single 


Single 


'S 


Price of crane 


£80 


£120 


£140 


£160 


£19(1 


Price extra if with iron jib 


£5 


£6 


£7 


£8 




£10 




2ttans 


16tfcub°ft. 


4} tons 


.-itons 


6 tons 


Stons 




120 cub. a 


laOcub.ft. 


210cub.ft. 


250cub.ft. 


300oiib.ft 
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Power of crane 


10 Una 


IS tons 


20 tone 


2SlonE 


80 tons 


Badiusofjiri 


left. 


16 It. 


IttfL 


20 ft. 


25 ft. 


Poweri of lifting eear 


Double 


Double 


Double ' 


Treble 


Treble 


Single, double, or treblel 












chain 1 






" 






Single, double, or treblel 












slewinegear .. ..) 












Double or single jihi 


Single 


Single 


Single 


Double 


Double 


Price of crane 


£33(1 


£»0 


£61)0 


£700 


£85CI 


Price extra with iron jib 


£15 


£20 


£30 


£40 


£50 


Approzinute weight 


10 torn 


13 tons. 


20 tons 


25 tons 


30 tons 




350 cub. ft. 


400 cub. ft. 


450 cub. ft. 


500eub.ft. 


000 cub. ft. 



The first four sizes, 2 to 5 tons, Cftu be made with stewing gear a 



a extra coat of 
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EABBJtfWSS SEIFB DECK CUXE. Tbeae cranes are of the same patterns aa Fig. 128, 
excepting that for use on board ship, a round oak jib is preferred to the iron jib Bhown, aa 
bein^ more readily shipped and nnabipiied ; and aa tliia ia genemlly dnne each voyage, a handy 
attachment of the tie rods to the frame ia provided for the purpoee. The wronght-iron pillar is 
made to extend g ft. below deck-line ; the cast-iron base plate is a special pattern, anilabte for 
bolting to the ship's deck, and a toe-plate ia provided for the bottom of the poat; chain oJF suitable 
atreugth to leach 20 ft below deok-liae, with hook and cast>iron ball, ia sent with each crane. 
Thepost can be made longer when desired. 

The nanal alzes are 2 and 3-tan cranes, and the prices are the same as quoted tot wbuf 
cranes, pase 40. 

Ship's hand winches, aee page 141 to 145, 

Ship'BBt«amoranee,8eepages8and9. Ship's Steam winches see pages 126 to 141- 



Fig. 129. 

Tlie nZSD OBANBI, Pig. 129, have been designed with a view of reducing the eorf 
without sacrificing the general efficiency referred to at page ; and this is attained by fixing 
the lifting gear to the jib and using wrought-irou ties, as ahown, to connect the revolving bed 
and top cap, thua dispensing with aide framea. 

The crane, fi^g. 129, is of 5-toTis power: the lifting and slewing gear is the Eame as ia naed 
in tlic cranea descrilied at page .19, but it is carried in castings firmly secured to the jib as 
shown; the bearinga aro of extra Ipnglh, bored ou^bnt not fitted with open gnn-metal bearings; 
they can however be buahed witli gnn-melal at the estracost stated in theliat of prices. Thepost 
is of hammered scrap iron of ample section to carry tJie load with safety ; the l>aae plate is a 
masaive casting, and a toe-plate of the same size ia provided to take flie toe ot the post or 
pillar; also foundatinn bolts, passing through Iwlh the plates in order firmly to bind together 
tlie foundations. Theae may be in masonry, brickwork, or good concrete. 

Cluuns, hooks, baits, and return block, where required, are included in the prices. These 
cianes ate made in the following sizes : — 
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Double 



Power of crane 

Radiusofjib 

Siugle or dr,uble purchase 

Single 01 double purchase 

slewing gear . 
Single oi double lifting 

choioH . . 

Price eitra if braBB-biuhcd 

bcuringi 
Approximute weight 

„ measnrem£nt !l20cub.fL 



^ J Single 
". I £00 



Single 
£103 



I 



Treble 

£275 



i 
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INDEPEKBENT WHIP CBAKS, Fig. 130 (No. 3). This crane was constructed for the 
Central Argentine Railway, wliere the goods sheds were lofty, and the roofs so light in con- 
struction that no support could be obtained at the top ; but it is equally suitable for docks and 
other places where light weights have to be lifted quickly. 

It stands quite independent of top support, swings completely round, and is fitted with three 
purchases or speeds of lifting, break apparatus, &c. Weights up to about 5 cwt. are lifted 
quickly by pulling directly at the rope ; for working loads up to 1 ton, the handle is put on the 
rope-barrel shaft, and, for heavier loads, on the pinion shaft. 



Power of crane 


1 ton 


2 tons 


S tons 


Radius of jib 


12 ft. 


12 ft. 


12 ft. 


Clear height of lift 


10 ft. 


10 ft. 


10 ft. 


Price of crane complete 


£50 


£60 


£70 


Approximate weight of crane 


2 tons 


2^ tons 


3 tons 


„ measurement 


80 cubic ft. 


85 cubic ft. 


90 cubic ft. 



Prices include chain to giound-line, ball and hook, hauling rope, and foundation bolts. 

The WHIP CEAKE, Fig. 131, has lifting gear of the same construction as that shown in 
Fig. 130 ; but this crane is supported above, and is not made independent of top support. The 
upright and jib are of pitch pine timber, with cast-iron shoes top and bottom, wruught-irou 
pivots, and square cast-iron plates for fixing to floor and beam. The jib is fitted with cast-iron 
bracket and jib-liead, and wrought-iron tie rods to the top pivot casting. Each size is complete 
with chain, hook, and ball. Cranes of this type are used very extensively at Mnall goods 
stations, and for short lifts, such as are required on a goods platform. A better and cheaper 
form of hand crane can scarcely be desired. The form of jib gives good clearance for bu&y 
packages. 



Power of crane 


Iton 


2 tons 


3 Ions 


Radius of jib 


12 ft. 


12 ft. 


12 ft. 


Height of lift of chain 


10 ft. 


10 ft. 


10 ft. 


Price of crane complete 


£35 


£45 


. £60 


Approximate weight . . 


liton 


If ton 


2 tons 


„ measurement .. 


80 cubic ft. 


85 cubic ft. 


90 cubic ft. 







HAND-POWEE WABEHOUSE CRAVES, Fig. 132 (No. 71). The general arrangement of 
cranes o1^ this class, and the position in which they are fixed in a warehouse, is clearly shown in 
Fig. 132. It is, however, desirable, where possible, to place the lifting gear on the floor below 
that on which the jib is fixed, as this gives *^ a better lead ** for the chain on the chain barrel. It 
can also then be fixed close up to the wall, and not occupy so central a place in the warehouse, 
which is often valuable space. 

The whole of the gearing is carried on two cast-iron stanchions, provided with bearings for 
the reception of the various shafts, the bearings being of gun-metal, with loose cap and lock-nuts. 
Two speeds or powers of lifting are shown in the engraving, both of which are single purchase, and 
this arrangement is frequently adopted for light loads and a high speed of working ; but the 
heavier cranes are fitted with single and double gear, the pinions being made to slide in and out 
of gear with a hand lever. The barrel is of large diameter, to reduce the wear of the chain, as 
well as all the carrying pulleys in the wall carriages and jib ; the barrel is fitted with large strap 
friction brake for lowering, a rope and lever, admitting of the brake being applied from any 
floor ; the handle shaft is fitted with a heavy fly-wh6el and two handles. 

Where a quantity of goods has to be lowered from upper floors, these cranes are fitted with 
a self-acting apparatus to run up the chain; this consists of a counterweight, sliding in a 
wooden casing against the wall, and a chain from it is attached to a frzee sheave on the end of 
the barrel shaft. This sheave is fixed to the shaft by a clutch (when it is required for lowering 
only), and as the load on the crane ascends, the lifting chain runs off the barrel, the chain of the 
counterweight being at the same time wound up. and the counterweight is thus lifted. When 
the load is removed and the brake eased oft', the counterweight runs up the chain ready for 
lowering the next load. As the crane man has only to raise a heavy weight (such as a hogshead) 
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a Tew Inobei. snfficient to clear the floor and Bwiii^ oat, one attendant vill lower out a p^ent 
quantity of tnerehandise vilh a crane provided with this appaiatas. 

The prices given are for stanchions 10 ft. high, a lift of 40 ft, and the jib of C ft. 
radius, with chain, &c. oomplctc. But theae conditions are coutinuoll; altering, the hfl often 
being TO ft., and the jib 10 or 12 ft. ; Die list of prices must therefore only be r^arded ns 
applying accurately to the proportioua given. These cianes are frequently fixed on the dis- 
cliBTging aide of warehouses, the goods bein; lifted by ateam or hydraulic cranes; they then form 
a useful adjunct to the cranes. Figa. 106 and 107, pages 10 and 11. A cheaper crann con be made 
by using a crab winch (see Figv. 216 to 220, pages 141 to 145) in connection with the crane 
jih. bat the remarks already made irith reference to the necessity [or having only the very best 
construction and design of ^ar to be useii by hand-power again apply here, especially when 
the height of lift is great. It ia a very labnrioiia operation to lift a ton 70 It. nigh by hand, 
and not an atom of kauli power should be absoibed by urnecessary friction. 
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Power of crane 
Height of lift ■■ 

Kftdinaofjib .. .. 

Price of orane - - 

PrioeoE crane with coanter-1 

weight / 

Approiimale weight 

„ meaBurement 



15 cwt. 

40 rt. 

6ft. 
£35 


20 owt. 
40 ft. 

en. 

£10 


30 cwt. 

40 ft. 
6 ft 
£45 


40 cwt. 
40 ft. 
Olt 
£50 


£45 


£55 


£62 


£70 


21 tons 
cub. ft. 


2} tone 
100 oub. ft. 


Stone 
120 cub. ft 


31 tons 
140 oub. ft. 



WSOUQST'IBOH WABXEOITBI CRAKE m, Fig. 133. The pricee girea below are tot 

jiba of 6 ft. rudiufl, with the wall carringEB end sheaves shown. The sheaves are all bored, nnd 
work on turned pins ; the top and toe of the bach standard are alto turned. The prices are ei- 
clUBive of wall bulta or chains. 



Oratwjibtooarrjloadaof 


10 cwt. 


15 cwt. 


20 cwt. 


30 cwt 


40 cwt. 




6 ft. 


6 ft. 


6 ft. 


6 ft; 


6 ft. 


Prioe 


£12 


£13 


£14 


£15 


£17 




5c»t 


51 cwt. 


6 cwt. 


7 cwt 


9 cwt 




20 cub. ft. 


22oub.fl. 


£4 cub. ft. 


28 cub. A. 


35 cob. ft 



Theee cr/iite jibs are constnicted of round iron, and for a small radius up to 7 ft or S ft. have 
a nest appearance. The curved form gives good clearance for bulhy packages in contracted 
doorways, but for jibs of greater radius it is usual to employ a square buck standard, and flat 
iron straight burs fur the jib. braced tocether, and round iron tension bars. This form again 
gives place to jibs constructeil of plates and angle iron for the longest r^ius and heaviest loads. 
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t CBANZ8, TheiibisfiEe<linthecGUiiraDdiamacletel(>scopic, BO that the load isEist 
lifted from an; paint nithin the radius of the crane, and is aftemards lifted and carried in a dia- 
gonal direction through the doors or flaps, until it is high enough lobe deposited on the road or on 
a van. Many cranes of this construction ore doin'' good service below chambers and in other 
poaitionawhete theuseof anordinarj jiboftlie typeFig. 133 would notte permitted by the Looal 
Board regulations, 01 where any such crane would interfere with nrcbiteotoral effect. 

TAKEHOirsB CRUTES WITH TASIABLK BADIUS, Thejib is made with thearmjoiuted 
at the bottom of thebacb standard, and gear is fixed insde (he building, which admits of this arm 
being so manipulated as to give a variable radius with or without the load suspended on the 
crane. This constroction is used when the jib must bo fixed near lo a door, but must reach over 
a fbotpatb below to pick up or deport a load. Also where two doorways must be aerved at 
different dist&nces from the ceatre of the crane. 

OOLVm CBAHEB. Jiba are frequently attached to and can, if necessary, be made to awing 
entirelir tiround the columns in warehouaea or tiuiloriee:; in some cases it is convenient to traverse 
the load on the jib iit the manner indicated in Fig. 136'. This amngement is eoonomicat in cost 
as well as in the space occupied. 



WBQItQHT-lBOll JIB OBAVE, WITH CEAI, Fig. 134 (No. 70), is naed for working 
loads through a trap-door in a warehonse, or is flsed against an outside wall, to raise goDds frow 
B cellar-trap ; Vba top post is supported from the wall by a wtougbt-iron bracket, but if placed 
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between two floors, it would have a plate at the top, similat to that shown at the bottom. It is 
titled with siogle and doable-porchftee g^ar, brake and cliain, pawl and wheel, to hold the load. 
The variationH in height and radius aie so numeroos that a oomplete price-list cannot be 
given, hut a crane ol' 20-cwt. power, 7 ft. radiuB x 7 ft, high, coats £25. 



WOOD FRAXB H4HD-F0WBE niTiniBT CRAVIS, Fig. 1S5. tThe jib is fitted with 

cast-iron sooketi, and the oiast is hooped top and bottom with wrought iron, whete the 
?udgeons are inserted, and the crane la complete with tacldng in and out motion, top and 
bottom [uvot plates, chains, blocks, Ac as shown. 



Fonerofciane 

BadlnsoveroU 

Price for all ironwork 


5 tons 

15 ft. 

£130 

£100 

5 tons 
300 cubic ft. 


Ctona 

16 ft. 

£\ao 

£110 

6 tons 
350 cubic ft. 


8 tons 
18 ft. 

nao 

£130 

7 tons 
400 cubic ft. 


10 tons 

20 ft. 
£200 
£150 

8 tons 
450 cubk ft. 
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WBOTOHT-IROir FOBOX OB VOUinntT ORAVEB are made fn euotlf the tame maimer 



Power of orsne 

Badiiu of ciane, i»| 
feet, fima centii; to 
eitreme points .. { 

AppToximato weight 

mr^uetit .. ..J 



20 n. 



flft. 



20 ft. 



20 ft. 



£200 £300 ; £37S ' £4511 
4 tODB 7 Ions I 10} tona 13 torn 

390 onb. ft' 450 cub. ft. 50O oub. ft.l 500 cub. ft' 500 cub. ft. 

I i i ' 



HAFS-POWXB TOUBSST OB TOBGB WAIL CBAVB, Fig. 136. A number of tbeee 
craiira may be fixed on the walls, piecg, or columns of a foundry or foi^t, and in such a poaition 
that an overhead traveller will pnge over tliem. For use in foundriea stsveiBil cranes placed dia- 
gonallT witli ™ch other on tlie two opposite walls are eiceedinnly useful for light work; the 
oeDttal part of ttie ftoor ia thus kept clear for the heavier chiaa of work, and bj means of an over- 



so 
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licful tntvellei, which La uBtuilly full; occupied in lifting heav; &tiaka and ladles, removing boxes, 
So., the wboleotthe floor Bpoce is available for caJrtiug, and the aerviocB of the traveller are not 
reijuited for work wbiob can be performed as well, or perliaps better, bj these lighter cranes. 
These erases have been adopted in beveral foundries for which the Authors have designed and 
made the lifting ojachiuery, and in all the commercial results obtained haye been h^hly 
satisfiiolory, 

Power of crane ., ,, 1 ton 2 tons 

Badins over all 20 ft. 20 ft 

Price with oliaJna, blocks, crab, and racking motion .. .. £75 £85 

Approximate weight - .. 2} bms Stons 

„ measurement SOcubiott, lOOcnbicft. 



Fig. 136. 

BIITOIE-BAIL CR&nEB, Fig. 137. This form of crane, althongh probably norel to many, 
has been very successfully used for a variety of purposes, and is adapted to work by hand or by 
liower. The crane shown in Fig. 137 is for hand power, but the general form is thesame whether 
ihe crone is worked by hand or is driven by a high speed cord or tumbler abaft The under 
carriage or bogey is fitled with two double flanged wheels one in tiont of the other and travel- 
liugonannpi-irail, which is usually sunk so as to beflusli with the floor, in order not to interfere 
witii the free circulation of foot or wheeled ttaffic in aav directiou; the atftbility of the ciane ia 



HOISTING MACHINERY.— SeCTiok i 



S» 



raaintfuned 1^ llio post being kejed seoareljr into the tarriace, its upper end bfing fitted witli 
a horizontal wheel which worts between a pair of guides fixed to the nnderside of a floor, or to 
the heasaa or oolnmnH ; ttieae guides are fixed in ilie amne line aa the single roil on the floor and 
plllnib Bbave it, and extend the fuU length that it ia desired to travel the crane ; the jib is hnng 
□n a shoulder on the post, the thrust of the jib being taken by a pair of friction rollers workiDg 
against the post; it tlierefore turna reij freely entirely round the post The gearing is worked 
from the floor l^ hauling on the endless hand-rope, and the barrel abaft ia Sited with a self-acting 

, _i-_i. _._.■_... J. ._ 11. 1..J J.I J'- -'■- the hand-ropa is released. One of 

% the oairiage, which is the proper 



Fig. 137. 

It will be OTident from the engraving and the foregoing short description that these cranes 
occupy so little space that they are peculiarly adapted for running between two lines of lathes 
or machine tools, oi for lifting the smaller puis of machiues in the erecting shop after the heavy 
portiona have been put in posiljon by the overhead travellei. Both of tbeee operalious are per- 
formed in the Authors' works, and cranes of this type have been constructed for many of the 
leading engineers ; they arc also usefully employed in wool wareliouees or fumilure stores where 
goods are pached from fionr in ceiling. For the platforms of Railway or Dock goods theda thia 
system aflords very ereat facility for concentrating the crane power at any given point, and the 
tunvy outlay is avoided for a number of fixed cranes which can neither be always employed nor 
cover the ground so completely as portable crants : and it should be mentioned that not only do 
thew cranes lift a load and swing entirely round with it, bnt they can travel with it as readily as 
if it vrere on a tram trolley. The subjoined price list ia for cranes worked by hand-gear as shown 
in Fig. 136. 



Power of c 


rane 


lOowt 


20 owt. 




lOcwt. 


Radios of 




10 ft. 


12 ft. 




12 ft. 


Height of 




12 ft. 


14 ft. 


un. 


14 ft. 


Price of ci 




£65 


£70 


£S0 






te weight 


2 tons 


2itons 


3 tons 


4 tons 1 


" 




45 cubic ft. 


60 cubic ft. 


70 cubic ft. 


85 cubic ft. j 



s» 
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HTDSAUIIC BIVBIX-KAIL CXAITES. The Hydmulio pump i» worked hj band, the lifting 
cylinder U placed on the jib, and the vronght^iioD aides RiTTn the gaides for the croeahead of the 
ram, the latter being fitted with obaiu sheaves, to maltiply the length of lift in the ordinary way; 
the preeeure on the ram ia fmulshed by a pair of pumps of differential dismeter, giving varions 
speeils and powers and etroke ; the pnmps are supplied from a email cistern which forms part 
of the revolving portion of the crane. The lowering i» perfonned by a small relief valve, and 
is controlled with great nicety ; the whole nnangement ib neot, bat the first cost is greater than 
for geued onuies. The prices are as nader :— 



Power of crane 


lOcwt. 


20owt. 


80cwt 


40cwt 


Badioaofjib 


.. 1 10 ft. 


12 ft. 


lift. 


12 ft. 


Height of cnwe .. 


12 ft. 


14 ft. 


Hft 


14 ft. 


lift of chain 


10 ft 


12 ft. 


12 ft. 


i-:in. 


Price of crane 


.. £70 


£S0 


£100 


£J29 


Appwiiniate weight 


21 Ions 


3 tons 


4 tons 


5 tons 


measareme 


t .. 50 cobic ft. 


70 cubic ft. 


85 cubic ft. 


moubiofl. 



The dimensiraie can of coarse be modified to suit almost any_ radios or height, and in the 
hydraulic ammgement, if the height of lift is lees than that given, the lifting power can be 
proportionately mcreased. 

snrOLB-KAIL CBAITE DBI7E> ST FOWXB. Graoes driven by power either by the 
rope system or a shaft placed directly over the crane post, have in either case hollow posts, a 
votical shaft passing through the centra to transmit motion to the lifting and travelliDg gear, 
and in the lartter cranes, the turning or slewing is also taken from tho same shaft. The price 
of aoreue to lift, turn round, and tmvel (eifher by the high speed tope or shaft), to carry 5 tons, 
with a radius of 12 ft and about 14 ft. high, is £30U ; but the powera, ptoportione, and arrange- 
ments for driving vary so much that it would be almost impossible to jnepaie a list of prices 
which would hare any practical value. 



SANS-POVXB DEBBICE CBABSS. The design, Pig. 138, is tbat usnally adopted : the 
framing, jib, back-ties and sleepera sre made of timber, and answer the purpose perfedfy in meet 
countries; but for use in tropical climates the constmctioa in iron shown in ^gs. 139 to 141, 
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possess some advantages. The engravings are taken from photographs of cranes made for lier 
Majesty's Government for use at (>)lombo Harbour. The crane, Fig. 139, is for f -ton. Fig. HO 
for 1 i-tons, and Fig. 141 for 3-tons loads, and the prices are given for both timber and iron. In some 
cases the ironwork, gear and chains are sent out ready tu fit to timber provided nt destination, 
which effects some saving in freight, and admits of the use of native timber. The price for i 
complete set of ironwork only averages 30 per cent, less than for the timber derrick complete. 

For useon works requiring a considerable and variable radius of jib, great length of lift, moderate 
facility for removal and re-exection, together with a low first cost, nu form of crane can compare 
with this. The jib will swing through 250° of the circle, and being hung on a pivot at the top 
and bottom, although the radius may be great, very little power is sufficient to turn the jib nnd 
load. All the sizes are fitted with single and double-purchase lifting gear, strap brake, ratcliet 
and pawl, and safety derrick gear for altering the radius of the jib either with or without the 
load, and the derrick gear is so constructed that the load balances the tendency of the jib to run 
down ; the load can therefore be moved horlzontaUy to or from the centre of the crane with ease 
and safety after having been raised to any required height The advantages of this will at once 
be apparent to anyone conversant wiUi the work constantly recurring in quarries, stone yards, 
timber yiurds^ buildings in progress, &c. Best memel or pitch pine are used for the timbers, and 
the centre mast is fitted with all gearing ; the jib, backties and sleepers for same are fitted with 
the necessary ironwork, and chains are supplied to reach to ground line. If constructed of 
iron, the smallest size (}-ton), the mast and jib are both made of fiat wrought-iron bars braced 
together by diagonals, and for the larger sizes, channel irons of suitable section as shown are 
u^ for the mast and jib. The larger sizes can also be fitted with slewing or turning gear at 
the prices indicated. 



Power of crane 
Maximum radius of crane . 
Price with timber frame . . 

„ iron frame . . 
Price extra for slewing gear 
Approximate weight 

„ measurement 



1 ton 

?5ft. 

£47 

£.55 

£5 

3 tons 

150 c. ft. 



1 ton 
30 ft. 
£53 
£60 

£5 
3| tons 
180 c. ft. 



Iton 
35 ft. 
£58 
£65 

£5 
3^ tons 
200 c. ft. 



2 tons 
25 ft. 
£60 
£70 
£10 
3^ tons 
200 c. ft. 



2 tons' 
30 ft. 
£64 10 
£75 
£10 
3f tons 



2 tons 
35 ft. 
£68 10 
£80 
£10 
4 tons 



220 eft. 240 eft. 



Power of crane 


3 tons 


1 

3 tons 


3 tons 


4 tons 


Maximum radius of crane . 


25 ft. 


30 ft. 


35 ft. 


25 ft. 


Price with timber frame . . 


£80 


£85 10 


£92 10 


£95 


„ iron frame.. .. 


£90 


£100 


£110 


£120 


Price extra for slewing gear 


£13 


£13 


£13 


£15 


A pproximate weight . . 


4 tons 


4^ tons 


5 tons 


5 tons 


., measurement 


240 eft. 


280 eft. 


300 e ft. 


300 e ft. 



4 tons 

30 ft. 

£102 10 

I £130 

j £15 

5} tons 

350 e ft. 



4 tons 

35 ft. 

£110 

£140 

£15 

6 tons 

400 e ft. 



Power of crane 
Maximum radius . . 
Price with timber frame . . 

„ iron frame 

Price exiia, for slewing gear 
Approximate weight 

measurement 



>» 



6 tons 

25 ft. 

£130 

£140 

£18 

6 tons 

440 cub. ft. 



- 6 tons 

30 ft. 

£140 

£150 

£18 

6^ tons 



6 tons 
35 ft. 

£150 

£165 

£18 

7 tons 



8 tons 
25 ft 
£160 
£175 
£20 
7 tons 



8 tons 
30 ft. 
£190 
£205 
£20 
7J tons 



460 cub. ft 480 cub. ft. 500 cub. ft. 550 cub. ft 



Power of crane 
Maximum radius . . 
Price with timber frame . . 

„ iron frame 
Price extra for slewing gear 
Approximate weight 

M measurement 



8 tons 

35 ft 

£200 

£220 

£20 

8 tons 



10 tons 

25 ft. 

£220 

£240 

£25 

9 tons 



10 tons 

30 ft. 

£235 

£255 

£25 

10 tons 



10 tons 
35 ft. 

£250 

£275 

£25 

11 Ions 



600 cub. ft. ! 620 cub. ft. 660 cub. ft 750 cub. ft. 



L 



...J 
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THE MXtASLM HAHB-POWKECBiire, Fig. 142(No. 7>, Ulnstratesa typeof pennftnenU 

way crane cotistmckd altnoBt entirely of wrought iron, aad largely nsed in India, Egypt, and 
othsr conntriea where timlier dnes not stand well, and where great ina>n¥enienee is experienced 
if any hreakege takes place. The engraying is from a photograph oC crnnea supplied to the 
Ondo anr! Rohilkuinle Railway, but cranes of the same design are used on the Soudan ;3 ft. 6 in. 
gauge) Railway and many otheTs. 

The nader carriages aro fitted in all respecla lile the stock with which the crane* ate 
intended to run ; the wliecia, axles, aile boxes, springs, buffers, coupfiagH, draw springs, &c., 
being, where posaible, the same aa those in use by the company purchaajug the cranes; so that 
in the event of any tspairs or renewals being 'necessary, the company's stores will provide all 
tliat is required, a eoudition which will be duly appreciated by locomotivo or carriage anper- 
intendents. 
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The conBtruction and gearing do not vary greatly from the hand oranei. Figs. 127 and 
12S, the chiet poiats of difference being that flio Hide Tramee and jib are made of wrought- 
iroD plates etrongUiened with anglo irons rivetted np aa shown, and the frames are fitted irith 
wToitght-iron tail pieces cariTing a large wrought-iion balance boi on wheels vbicb can be nin 
in or ont from the centre of tlie crane to counterbalance the Toad : thia box ia moved by a screw 
and hand-wheel, and a ckmpmg screw secures it to the tail pieces at an; point ; the tail pieces 
are fitted with a friction roller to carry the balance boi when slewing witbout a load, and when 
travelling the weight of the balance box is taken below the tail pieces by a pair of cams on a 
cross shaft on the top of the under carringe : these cams also prevent the crane irara turning, 
and at the some time relieve the post &om vibration whan running. 



Ample platform space is provided for the men to work tl)e orane at any angle across the 
carriage; this is sometimes obtained by nslng the hinged flaps shown in Figs. 142 and 144. 
Suitable provision ia made for lowering the jib-liesd whiTat travelling, and each crane is fitted 
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with a return block and chain of proper size and length to reach the ground line, also holding- 
down rail crampa, staples for cross girders, blockings for springs, and the carriage is fitted with 
an ordinary lever brake. The under carriages for 10-ton cranes have 6 wheels, and those for 
narrow-gauge metre (or 3 ft. 6 in. gauge) are fitted with slidJng cross girders to give the necessary 
stability. 

Many lines of railway have a permanent- way crane of about 10- tons power at each ter- 
minal station ready to send to any part of the system where it may be required for temporary 
service, or to clear the line after an accident or breakdown, and each crane has a ** tender truck " 
fitted with all appliances usually required under such circumstances, buch as sling chains, lifting 
jacks, crow-bars, picks, shovels, packings, planks, &c. ; this truck also serves to carry the crane 
jib when it is laid down for travelling ; but as these cranes and trucks are usually made to suit 
the special requirements of the officials of each railway they cannot be included in any general 
list of prices. 

The crane, Fig. 143 (No. 2), is intended for the same duty as that above described, but is of 
cheaper construction, the side frames of the crane being of cast iron with wrought-iron tail 
pieces and cast-iron balance box ; the under frame of the carriage and jib are of oak, and the 
spring buffers are omitted ; it is however a good crane for ordinary work in ordinary climates, 
and for moderate powers. The prices, sizes, &c., of these cranes are given below. 

The carriages are made for any gauge of railway or are fitted with flat-faced wheels for 
moving along a quayi and sometimes the smaller sizes have ordinary road wheels, locking fore 
carriage, and shafts for transport by horse-power over common roads. 

Prices of Pebmanent-way Portable Hand-power Cranes, Fig. 142 (No. 7). 



Power of crane 








Radius of crane 








Price complete 








Approximate weight 








„ measurement . . 









S tons 


5 tons 


10 tons 


12 ft. 


13 ft. 


14 ft. 


£260 


£350 


£550 


8 tons 


12 tons 


16 tons 


300 cubic ft. 


500 cubic ft. 


600 cubic ft 



The above prices do not include balance weights, but these can be supplied at an exti-a cost 
of £10 per ton, the quantity required being about 2J, 4, and 8 tons respectively. 

Prices op Per3ianent-wat Hand-power Crane, Fig. 143 (No. 2). 



Power of crane 
Radius of crane 
Price complete 
Approximate weight 

measurement 






» 



3 tons 

12 ft. 
£185 

8 tons 
350 cubic ft. 



5 tons 

13 ft. 

£250 

10 tons 
500 cubic ft. 



6 tons 

13 ft. 
£265 

11 tons 
550 cubic ft. 



10 tons 

14 ft. 

£400 

15 tons 
600 cubic ft. 



These prices do not include balance weights fitted in the boxes, for weight and cost of which 
see above. 

PEBKAHEHT-WAY CRAKES WITH SELF-ACTIHG BALAKCE, Fig. 144 (No. 6). All 
railway engineers will be fisimiliar with the inconvenience, even on a line of 4 ft. 8^ in., arising 
from the careless manner in which the balance-weight box is used, and the narrower the gauge 
the greater is the risk of the balance box being too far from the centre and overturning the crane 
when the load is removed, probably pulling up the road and causing a loss of at least as much 
time as it was intended that the crane should save. It is therefore not surprising that so many 
inventors have directed tiieir attention to this subject, and have taken out many patents to 
protect their inventions. The requisite conditions of great simplicity and certainty of action 
have, however, usually been somewhat neglected, and the patent self-acting balance permanent- 
way crane. Fig. 144 (No. 6), is the only arrangement which has come under the notice of the 
Authors combining the conditions above referred to and successfully accomplishing the objects 
sought to be attained. 

The manner in which the load on the lifting chain acts on the counterbalance weights is 
shown so clearly in the enojraving that littie description will perhaps be necessary. The rigid 
rods which tie the jib-head to the side frames in Fig. 142 and all other cranes of that class, are 
here replaced by two short tie-rods, each with a chain^sheave at its lower end. One end of each 
of the chains parsing over these sheaves is attached to a chain-barrel fitted with worm and wheel 
gear, whilst the other ends are coupled to the short arms of two bell-crank levers having a 
fulcnim in the top of the side frames ; the lower ends of the long limbs of the bell-crank levers 
are fitted with weights connected by strong wrought-iron linss to the axis of a cylindrical 
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balance weiglit, wliich is tte« to toII on the tail pieces of the crane fnming;. When the load Is 
beinj; lifted tho straia duetu ttie weight of tlie loe^ paaaeB through the tie bonaudobaiDB to the' 
short amu of the bell-oranke, and the atrain tlins applied csnsea the long aima and weights to 
lise out of the vertical position and to draw the cjliiidrical weights into the position shown, or 



until they are at a diatatice from the centre sufficient (o counterbalance the load being lifted. 
When the load is released the levers resume tlie vertical position shown in tbe dotted lines. 

The action is therefore entirely autJ^matic, there are so few parts, none of tliem liable 'to 
derangement, and all so ittrcTig and simple in conatruction that the^o cranes have never been 
kuown to tail iu secuiing the ^ety and certainty wbicli they were designed (o afford. 
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The cboiii-bBTTel is fitted with a tengent wheel and viona which Berres to adjust the jib to 
any angle or radiiu required, as well aa to lower it down for travelling. 

The nnder carriage and iide frames are of wrought iron, and the speeds and powers of the 
gear and the general outfit ia similai to tlie permanent-way crane, Fig. 142. The coat is, however, 
necessarily higher ; but when regaid ia given to the cost of the balance weights, and the unques- 
tionabJc advantage of the action of the, counterbalance being automatic, the (hfferenoe in price 



where for cl 



e than S-tona power it ia almoat a necessity. 



Balance Crakis, Fig. 14*. 




I Power of 
■ Radius of 
j Price complete 
Approximate weielit 
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rOBTABLX HUn> CSAm, OOVERmSKT PAItlSV, Fig. lis (No. 1). These oranea 
are constructed to work loads varying from 3 to 10 tons, aad oau be adapted to work on 
any gauge of railway. They are used by Her Mnjesty's Government as well as by some of tJie 
leading railwsy aod dock oompanies. 

Thelieso plato lain one maasive casting, chequered on the top, andof HofBcienlsize to allow 
the men to work at whatever angle the cnme may be. The craoe-poat is of hammered iron ; 
the journals are of great length, the Bhafls run in guu-meial btarings, and the working partu 
tliroughout are accurately fitted ^nd carefully finished. 

The talance-weight bos is of ample size, and is moved along the tail-pieces by a traversing 
screw worked by a band wheel. There ia a friction-roller to take Uie weight oft the back balance 
and reduce friction when toming. The engraving. Fig. IM, shows a tMon, and Pig. 146 a 
S-ton crane. 
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Power of crane 
BadiuBoforone 
Prii^e complete 
Approximate weiglit 



S toa» 
12 ft. 

£165 



6 tons I 10 louR ] 

uft. I 14 ft. : 

£350 £470 < 

lli tons 13 tons i 

400 cubic ft. I 600 cubic ft. I 



For cost of balance weight see p. 57. 



Fig. 147. 

The cranes. Fig. 147 (Ko. 1b), and Fig. 14S (No. 4), are for lower powers than 3 tons, and 
are generallf similar to the portable hand cranes before daecril>ed, the chief difference being that 
they have not friction rollers, or a roller path on the bed plate, the whole weight of UioieTolving 
portion of the cmoe retting on the top of ttie central pillar which is of wrought iron. Fig. 1*7 
ismadii in two sizes (1 and 2-tons), the prices being £110 and £125 respectively. 

The cranes, Fig. 148. are made witn plain or flanged wheels, and are lighter and cbcnper 
than an; of the foregoing ; the vertical bars, tul-piecea, and lie bnrs are of flat wrought iron 
instead of the cut-iron side tounes sbowu in Fig. 147. The; are made ot roiu sizes, ranging 
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from )-ton to 2-b>ne, snd each crane is fitted vrith chain of proper streDgth, and length snfficient 
to reach to the gioimd line, 



Fig. 148. 
>. 4 Light Pobtaslb Hakd C&uies, Fig. 148. 



Powerofcrane 

KadiuB of crane 

Prica 

Approximate wel^t 

„ meaanrement 


J ton 

10 ft. 

£40 

IJtoos 
80 cubic ft. 


Iton 

10 ft. 

£45 

lltons 

100 onbic fL 


litons 

10 ft. 
£50 

2 tons 
ISO onbic ft. 


2tonB 

10 ft 
£72 

3 tons 1 
200 cubic ft. 



rough work or fbr ehipmeut. 

.. „ , . . , ._.. , ... „ , of wronght iron ; the jib and 

platfbna can atao bo made in wrought iron At a slightly increased cost. A number of these 
cranes have been cooalmcted for Central Americn and the West Indies ; they are made of two 
BizeB with plain or flanged wlieels as desired, and eaoh is fitted with chain, balance ball and 
book, to reach the ground line. 
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Powerofcmne 

EadinBoEcwne 

Price 

AppTOJcimate weight 


Stona 

12 11. 

£165 

4}t0Da 
200 cDbio ft. 


Stalls 

12 ft. 
£235 

7 toiia 
300 eobio ft. 



POWXK OTZREEAO nATXLLIHO OBAntS. This class of machinery will b« noticed 
in the following order, with a brief description of the conatmcliou and of the conditions under 
which each haa been used. 

1. Those vith the engine and boiler moving with the load. 

2. TrsTellers having (he engine and boiler flied at one end of the beams, 

3. Travellers driven by a line of Bhafting. 

4. Travellers driven by a high-speed cord. 

6. TraTellers driven by a alow-speed wire rope. 
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The engravings, Figs. 150 and 151, are good examples of the first-named type in which the 
engines and boiler move across the gantry with the load. The engraving, Fig. 150, is from a 
photograph of a traveller of 40-ft. span to carry a load of 6 tons, which was made by the Authors 
for the Midland Railway ; the other, Fig. 151, is of 15-tons power and 50-ft. span, and was used 
in the construction of the Stack Rock Fort outside Pembroke Harbour. Travellers of a similar 
character, but varying in design to suit special conditions, have been used in carrying out the 
works of the Thames Embankment, the Municipal Buildings at Manchester, and many other 
public works at home and abroad ; but the subjoined detailed description refers especially to 
Fig. 150, although it will apply generally to alL 



} 2-5" 



x9" 



Power of traveller .. .. .. 5 tons 

Span of traveller . . . . . . 40 ft. 

Height of lift 20 ft. 

Number, diameter, and stroke of 

cylinders .. •• .. .. 
Diameter and height of boiler .. 2'9"xr0 
Price complete with wood-trussedj! £390 q q 

oeams .. .. •* ' ' ) \ 

Price extra per foot to 50-ft. span . . | £5 
Price with wrought-iron beams ., 1 £415 
Prioe extra per foot to 50-ft. span . . ! £6 
Approximate weight . . 7 tons 

measurement . . I 300 cubic ft. 



» 



() tons 
40 ft. 
20 ft. 

2— 5"x9" 

2'9"xr0" 

£410 

£6 
£425 

£7 

8 tons 
340 cubic ft. 



7 tons 
40 ft. 
20 tt. 

2—6" X 10" 

3'o"xro" 

£435 

£7 
£465 

£8 

9 tons 
380 cubic ft. 



8 tons 
40 ft. 
20 tt. 

2— 6"xl0" 

3'0"xr0" 

£455 

£8 

1 £515 

£9 

10 tons 

400 cubic ft. 



1 



Power of traveller .. 

Span of traveller 

Height of lift 

Number, diameter, and stroke 

cylinders .. 
Diameter and height of boiler 
Prioe complete with wood-trussed j 

Deams *• .. .. **/ 

Price extra per foot to 50-ft. span . . 
Price with wrought-iron beams 
Price extra per foot to 50-ft. span . . 
Approximate weight 

measurement 



»> 



10 tons 
40 ft. 
20 ft. 

2—6" X 10" 

3'0"x7'0" 

£490 

£10 
£550 

£12 

12 tons 

500 cubic ft. 



15 tons 
' 40 ft. 
20 ft. 

2-7" X 10" 

3'6"xr0" 

£550 

£11 
£600 

£13 

17 tons 
600 cubic ft. 



20 tons 


25 tons 


i 40 ft. 


40 ft. 


! 20 ft. 


20 It 


2— 7"X10" 


2— 7"X10" 


3'6"x7'0" 


3'6"xr0" 


£650 




£12 




£720 


£850 


£15 


£20 


20 tond 


23 tons 


650 cubic ft. 


700 cubic ft. 



Power of traveller 30 tons 

Span of traveller .. .. .. 40 ft. 

Height of lift 20 ft. 

Number, diameter, and stroke ofi a g"viO" 

cylinders .. .. .. ../; 

Diameter and height of boiler . . 3' 9" X T 6" 
Price complete with wood-tnissedl 

beams .. .. .. ••/ 

Price extra per foot to 50-ft. span.. 

Price with wi-ought-iron beams .. £1000 

Price extra per fbot to 50-ft span . . £25 

Approximate weight .. .. 26 tons 

„ measurement . . 750 cubic ft. 



40 tons 
40 ft. 
20 ft 

2— 8"xl0" 

8'9"xr6" 



£1250 £1500 



50 tons 
40 ft. 
20 ft 

2-8" X 10" 

3'9"x7'6" 



£30 
30 tons 
900 cubic ft. 



£85 
85 tons 
1100 cubic ft. 




The engines have two steam cylinders with link reversing motions, single and double pur- 
chase lifting gearing, powerful brake, and the blocks and chains are proportioned to the power 
of the traveller. The longitudinal and transverse travelling motions are both given by friction 
clutches, which can be put into motion in either direction without stopping or reversing the en- 
gines, and can be operated both together, and at the same time as the lifting or lowering motions 
are at work. The whole of the high-speed shafts are fitted with gun- metal bearings with loose 
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caps, where practical, so u to facilitate the removal of the shafts without the trouble of taking 
down the side frames. The boiler is of the vertical kind, and has cross water-tubes in the fire-box, 
or a number of 2 J diameter hanging water-tubes in the crown of the fire-box, whichever is preferred. 
The usual fittings consist of furnace bars, door, manhole and mudholes, with covers and bridges, 
chimney and damper, the ash pit being formed in the bottom of the boiler shell, safety-valve, steam- 
pressure gauge, water gauge, gauge cocks and blow-off cock, and a fusible plug in crown of 
furnace. The general quality of the plates is best Staffordshire ; the crown plates, flue, and 
cross-tubes of Lowmoor or Bowling quality. Each boiler is tested with a pressure of 120 lbs. 
per square inch, and is of ample size to supply steam to the engines. The boilers of the larger 
travellers are mounted on a wrought-iron water tank, which also forms part of the foot-plate 
and platform ; the smaller travellers have a tank as shown in Fig. 150. The whole of this 
portion of the travelled is mounted on a four-wheeled platform, two of the wheels being geared 
to give the transverse travelling motion to the crab and load, and the platform is fitted with a 
hand-rail and coal bunker. 

The girders are of best pitch pine timber with wrought-iron truss rods, and cast-iron struts 
of suitable strength and depth ; the ends of the girders are fitted with cast-iron shoes, with bosses 
to take the ends of the truss rods, and these shoes or caps are bolted up to the under sides of the 
end cradles. This arrangement has several advantages : it keeps the centre of gravity low, 
reduces the height required for head-room from rail level, and gives greater security, because 
in the event of any accident arising to the wheels, axles, or end cradles, the main beams can 
only fall about an inch ; it also affords some facility in erection. 

The girders or main beams are, however, frequently made of wrought iron of the fish-bellied 
form, composed of single web plates with angle irons and top and bottom table plates. The 
heaviest travellers have beams of the same form, but of a box girder section. 

The end cradles are usually of cast iron of hollow box section, excepting for the heaviest 
travellers, when they are of wrought iron ; in both cases they are fitted with double-flanged 
wheels, working loose on their axles, which are of great length and drilled up the centre for 
lubrication. The cradles or bogies' for travellers above 25-tons power have 6 wheels. 

The prices include the cost of chains and blocks of suitable stiength and length for a lift of 
20 ft. in height, but this height can be increased at a slight extra cost. 

The cost of housings of corrugated iron is about the same as is quoted at page 21 for steam 
cranes of similar power. 

OYEBHEAD STEAM TBAVELUira CRANE, Fig. 152 (No. 1). The second type of over- 
head crane, which has the engine and boiler fixed at one end of the framing, is illustrated 
in Fig. 152 ; this construction has its own special advantages, some of which are that — 

The weight of the engine and boiler are always directly over the point of support. 

The main beams may therefore be lighter than would be required for travellers of the 
type. Fig. 150, as they do not have to carry the weight of the machinery in addition 
to that of the load. 

The boiler being stationary (at one end), arrangements can frequently be made for getting 
rid of smoke when wormng in buildings or slieds. 

The proportions of the engines, boilers, &c., for the corresponding weights and spans are 
the same as those given above. 

Several travellers of this kind were used in the construction of the Cannon Street Bridge ; 
they are also in use at the East and West India Dock timber sheds, working on a gantry which 
overhangs the dock wall, and are employed in taking timber direct from the ship's hold into 
the sheds where it is piled for sale. In those last mentioned, a motion is introduced which enables 
the traveller to transport itself from one line of shed to the next; and as a number of these 
sheds are parallel to each other, the power can thus be concentrated where it is most 
needed. A number of hand-power travellers are also used in these sheds in conjunctioo 
witii the steam travellers, both running on the same gantries. 

The logs are brought by the steam travellers from the ships to about the point where they 
are to be stored ; and as the gantries are of great length, the high speed of working which is 
obtained by steam power is found to effect a great saving in time, together with a remarkable 
economy in cost as compared with hand labour. The hand travellers are used for sorting, 
piling, and delivering the logs ; this being necessarily a slow process can be performed more 
economically by manual labour than by steam power. 

This system of working has been adopted by Mr. A. Manning, the engineer to the East and 
West India Docks ; and, having regard to the varied character of the work to be performed, it is 
difficult to conceive any arrangement which would effect so large a saving in time, space, and 
cost of working. The same remark may, however, be made with reference ^ many other highly 
successful arrangements for saving time and labour devised by Mr. Manning, the mechanical 
portions of some of which have been carried out by the Authoxa. 
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OVERHEAD TRAVELLEB8 DBIVEN BT A LINE OF SHAFT, Fig. 153. These come 
imder the third head, and are well adapted for use in foundries, erecting-shops, saw mills, 
and in other buildings where there is motive power available for driving a tumbler shaft, 
and where the lengtli to be traversed longitudinally does not exceed 200 to 300 ft ; beyond 
this length the torsion of the tumbler shaft becomes objectionable. 

Fig. 153 illustrates a tmveller to carry a load of 50 tons, with a span of 45 ft., designed 
and constructed by the Authors for the North Eastern Marine Engineering Company, for use in 
their works at Sunderland, and is perhaps tho most powerful traveller of this type which 
has hitiierto been made. 

The main beams are wrought-iron fish-bellied box girders, the end cradles are also of 
box section fitted with 6 steel double-fianged wheels, working on fixed axles lubricated through 
the centre, the great weight on each wheel rendering the use of steel necessary; the four 
crab wheels are edso of steel. These could not have fixed axles, but are provided with double 
frames or journals. The crab is fitted with single, double, and treble purchases, which are 
changed by a hand wheel and screw ; the barrel is spirally grooved to take the fvil length of 
chain without an overlap, and is geared directly on the barrel at each end, so that there is 
no torsional strain on the barrel shaft or barrel. The top and bottom blocks are fitted with 
three sheaves, thus giving seven laps of chain. 

In addition to the three speeds of lifting gear there is a set of geared change wheels 
and clutches on the first motion shaft, so that oy a single movement the whole of the lifiing 
and travelling speeds are altered in the ratio of 2 to 1, thus giving lifting speeds of six powers 
without altering the chain blocks, and two speeds of longitudinal and cross travelling, and 
converting what would otherwise be a slow, ungainly tool, into one very generally useful ; 
,the maximum load of 50 tons being of course rather exceptional. 

All the motions are given by large copper-lined reversing friction clutches, and the brake 
and pawl are connected and worked by a foot lever, the pawl being lifted out of gear when 
the brake is applied. All motions of lifting and travelling can be worked simultaneously ; 
and the levers are brought together and are worked by one man, at a point where he can 
observe every movement without obstruction, a matter of great importance when (as in all 
travellers of this kind) the attendant must work entirely by signs, and any mistake might 
cause damage to a costly piece of machinery. All the motions can be worked by hand power 
if desired. On the first trial with a load of 51 tons, the deflection of the whole including 
that of the longitudinal beam was noted and found to be less than 2 of an inch, and none of this 
was a permanent set. 

The longitudinal shaft, from which all the motions are taken, is of 3" square iron driven 
at 100 revolutions per minute, and the tumbler bearings are adjustable, so that in the 
event of any settlement taking place in the supports, the shaft can be easily lined up. 
One or more travellers of any power may be driven fiom tiie same shaft, and in the works 
above referred to they are used from 5 tons to 50 tons. 

The prices are given for all sizes within those limits, and 40-fk. span is taken as a standard. 
Price List of Poweb Tbayellebs driven bt Tun bleb Shafts. 



Power of traveller 


5 tons 


6 tons 


7 tons 


8 tons 


10 tons 


Spanof traveller .. 

Height of lift 


40 ft, 


40 ft. 


40 ft. 


40 ft. 


40 ft. 


20 ft. 


20 ft. 


20 ft. 


20 ft. 


20 ft. 


Price with wood beams . . 


£250 


£260 


£270 


£280 


£300 


Price per foot extra to 50 ft. 


£5 


£6 


£7 


£8 


£10 


Price with wrought-iron beams . . 


£275 


£285 


£300 


£340 


£380 


Price per foot extra to 50 ft. 


£6 


£7 


£8 


£9 


£12 


Approximate weight 


5 tons 


6 tons 


7 tons 


8 tons 


9 tons 


„ measurement 


200 cub ft 


240 cub. ft. 


270 cub. ft. 


300 cub. ft. 


360 cub. ft. 


Power of traveller 


15 tons 


20 tons 


25 tons 


30 tons 


40 tons 


50 tons 


Span of traveller 


40 ft. 


40 ft. 


40 ft. 


40 ft. 


40 ft. 


40 ft. 


Height of lift 


20 ft. 


20 ft. 


20 ft. 


20 ft. 


20 ft. 


20 ft. 


Price with wood beams 


£400 


£500,0 










Price per foot extra to 50 ft. . . 


£11 


£12 










Price with wrought-iron beams 


£450 


£550 


£700 


£800 


£1000 


£1200 


Price per foot extra to 50 ft. . . 


£13 


£15 


£20 


£25 


£30 


£35 


Approximate weight . . . . 14 tons 


17 tons 


20 tons 


23 tons 


26 tons 


30 tons 


„ measurement . . 450 c. ft. 


550 ( 


:.ft. 


600 c. f 


•t. 


650 c. ft. 


1 750 c. ft. 

! 


900 c. ft. 



This dafls of traveller is exceedingly useful in boiler shops and girder yards, for bringing 
the work to and from the hydrauUc or steam rivetterst 
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The height of lift is asgiimed to be 20-ft. nett lift, and each traveller is complete with 
chains, blocks, and hand motions. 

The designs will necessarily vary to some extent with each size, but the variations will 
be mainly in the proportions. 

The prices include the bevelled wheels for the tumbler shaft, but not any shafting, with 
bearings ; this is woith from £1 10«. to £2 per cwt. 

TBAVSLLEB8 DBITEH BT HIGH-SPEED OB "FLTDrG" BOPE, Fig. 154. The 
power is transmitted from a cotton cord of ^ in. to | in. diameter running at a speed of 
about 5000 It. per minute, the strain on the cord exclusive of friction being about 28 lbs. 
when the traveller is doing its maximum work. Prominent amongst tlie advantages this 
system ofifers is the facility with which power is transmitted obliquely, or in any direction 
without noise and to almost any dibtance required, without the intervention of shafting 
and bevil gear with the substantial supports necessary for them, whilst the rope is carried 
on a brass shoe or light brass sheave, andean be arranged to work several tiavellers or single- 
rail cranes of the type referred to at p. 

Many good examples may be seen in constant work in locomotive and erecting-shops 
where they have been in operation for many years (at the London and North Western Loco- 
motive works at Crewe for nearly 20 years), but the cranes selected for illustration were designed 
and constructed by the Authors for the new railway carriage works recently erected by the 
Midland Railway Company at Derby. These travellers have a span of 50 ft., and lift 3 tons 
at quick speed and 5 tons at the slow speed, and have all improvements recently made in 
this class of machinery. The main beams are of wrought iron, and the end cradles, which 
are fitted with wheels to give the longitudinal travelling motion, are of cast iron of hollow 
box section. There is a ti^ird light beam the same span as the main beams, which adds 
stiffness to the structure and serves to carry a platform of light open cast-iron grating, 
through which the attendant can always see the exact position of the load as he walks along- 
side the crab. ^ 

The high speed of the cord pulleys is reduced and the necessary power is gained primarily 
by worm and tangent wheel gearing. The cord pulley for giving ihe lifting motion has 
cones of two or mosp diameters ; these are caused to revolve by the cord being brought into 
contact with one or other of them by a hand lever fitted with carrying sheaves, and thus 
different speeds and powers of lifting are obtained. The reversing motion (for lowering the load) 
is obtained by simply passing the cord to the opposite side of the cone. 

The travelling motions are obtained in a somewhat different manner : a pair of discs, 
about 6 ft. apart, slide on the spindle from which these motions are taken, and another disc 
made of papier mach6 or leather, slightly less in diameter than the distance between the 
two discs, is keyed on the worm shaft, which has its axis at right angles with the spindle above 
referred to; the discs are fitted with a suitable hand lever, and the reversing motion in travelling 
is produced by one or other of them being brought into contact with the papier mache disc. 

All the worm wheels can be thrown out of gear, and shafts and handles are provided 
for working any motion by hand power if desired. 

For lifting locomotives it is found very convenient to have two crabs on one travelling 
gantry, because each crab is brought directly over each buffer beam, which divides the strain 
on the crabs and gives a more even distribution of load on the gantry ; one crab may be thrown 
out of gear and the other used for ordinary work. This arrangement is also adopted for hand 
travellers with much advantage, see pages 73 and 74. 



Power of traveller 


5 tons 


10 tons 


20 tons 


30 tons 


40 tons 


Span of traveller 


40 ft. 


40 ft. 


40 ft. 


40 ft. 


40 ft. 


Price of traveller 


£350 


£450 


£650 


£900 


£1200 


Approximate weight 


5 tons 


10 tons 


16 tons 


22 tons 


26 tons 


„ measurement 


200 cub. ft. 


350 cub. ft. 


500 cub. ft. 


600 cub. ft. 


700 cub. ft. 



The prices include chains for 20-ft. lift, but do not include any of the driving arrangement 
necessary for the cord. 

The cost per foot extra for longer spans will be the same as for steam-power travellers, 
page 64. 

TBAVSLLEBS DBIVEN BT SLOW-SPEED WIBE BOPE. The chief difference between 
these and the ^* flying rope *' travellers last described, is that instead of a high-speed cotton 
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ooid, a steel wire rope about f in. diameter is used ; the speed at whioh the rope travels is 
300 to 350 ft per minute, and the pull on it is about 300 lbs. This involyes the use of 
twin drums or Fowler's patent clip drum, illustrated and described at p. 121, by which 
the necessary bite or adhesion of the rope to the driving pulleys is obtained without much 
wear and tear; another point of difference is, that at tibe relatively low speed of 300 ft. 
per minute for the primary motor, spur gear can be used instead of worm and wheel gear. 

This system has not hitherto been so largely adopted as that last described, and there 
are instances where it has been abandoned. This however is due to some defect in design 
or construction, and not to the system itself ; it has given very excellent working results 
wherever it has been properly carried out. The prices for travellers of this construction 
for a given weight and span are practically the same as are given at page 71 for the cotton- 
cord travellers. 

HAHD-POWXB OVEBHSAD TBAYSLLEB8 WOBKED FROM ABOVE. The attention 
of the Authors has for many years past been specially directed to the design and construction 
of these most useful machines, which are now becoming so largely used for saving labour 
and economising space in crowded yards, factories, warehouses, &c. Contrary to the general 
practice, they have endeavoured to obtain the maximum of strength with a minimum total 
weight, together witii a high class of workmanship in the moving parts. Many people 
think that '* anytliing is good enough for a hand traveller," but the remarks made at page 88 
with reference to the necessity of good work in hand-power cranes apply with even greater 
force to travellers, because the total weight of the traveller, with the load suspended, 
has to be put in motion every time it is used. The gpeed at which the travelling motions 
can be work^ by manual power is also an important element in the ultimate economy to 
be obtained ; it should be as high as can be worked with a given load, and a sh'ght error 
in design or an equally slight defect in workmanship may (and often does) involve the 
necessity of employing two men when one ought to suffice. The extra cost of labour will 
thus amount to probalSy not less than £50 per annum, whereas the interest on the (Ufference 
in cost between a well and an ill made traveller would not be more than from £2 to £5 per 
annum ; to this may be added the loss, in time, from slow working contlrually incurred when a 
number of hands are waiting for any of the various operations which the traveller performs. 

Great care diould be taken that the rails on which the traveller is to run are perfectly 
in gauge, and the joints fished or have a plate under each joint ; these points rarely receive 
sufficient attention. The Authors' practice is to have the travelling wheels turned truly 
on tiieir faces and flanges, the bearings brass-bushed, and good provision made for lubrication ; 
the geared wheels are carefully set out,, and are clean castings. In the designs referred 
to in the following pages, each motion is as direct as possible consistently with handiness 
in working; special regaid is given to this in arranging the longitudinal travelling motion 
which is taken from the crab and is therefore necessarily somewhat indirect, but the total 
number of wheels and pinions is only 8 ; it is however not unusual to see 16 wheels (with 
their corresponding shafts and bearmgs and the friction attendant on them) to obtain this 
motion. Separate handles are provided for Ufting and for travelling longitudinsdly and 
transversely, so that each motion is independent of the other, and any of them can be 
worked in either direction without changing clutches or handles and without shipping a shaft; 
the value of these facilities for working in an erecting-shop, or when piling timber or goods, 
must be seen I0 be fully appreciated. 

The traveller. Fig. 155 (No. 18), is used for lifting locomotives weighing 30 tons, and 
each of the two crabs will lift 15 tons when worked by four men, one crab lifting at each buffer 
beam. The traveller girdera are fish-bellied, of wrought iron, with a single web and top 
and bottom tables ; the top member has a heavy rail of bridge section rivetted through the 
plate and angle irons. There is a lattice girder of similar form, but with lighter angle irons 
and top and bottom flanges, on the outside of each of the main girders, and these with the 
open cast-iron gratings which form the foot plate give great lateral stiffness to the main beams. 

The girdera are attached by bolts to tne underside of the cast-iron end cradles which 
are of hculow box section ; the travelling wheels are between the main and platform girders ; 
the wheels have brass bushes of great length, which work on fixed axles and are fitted with 
oil cups for lubrication. 

The general arrangement of the crab gearing is distinctly shown in the enlarged view, Fig. 
159 ; it will therefore be unnecessary to describe it closely in detail. The lifting gear is single 
and double purchase, and the power is increased by blocks and chains, the upper sheaves for 
which are carried in the transome on the top of the side frames of the crab. The chain barrel 
is keyed into the large spar wheel to relieve the shaft from torsion, the ratchet wheel is cast to 
the flange of the barrel, and the brake ring is cast to the spur wheel; the brake strap is lined 
with wood and fitted with a hand lever. It will be seen that the two travelling motions are on 
one centre ; the longitudinal motion being the heaviest work, is given by the crank handle ; 
the lighter work of the transverse motion is given by the hand wheel, and as the attendant can 
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have one land on ft and the othet on the crank 
handle, a Imd can be BimnltaneouBly moved 

transversely and longitudinally any short dis- 
tance required, a condition most TaviHirBble 
to such operations as setting stones, erecting 
machinery, ko. 

The adrantagefi afforded by this arrange- 
ment of two crabs are. that when the maxi- 
mum load is being Urted it is dUttibuted 
between two aeta of chains and gear, and 
over a great portion of the maiu beams ; the 
men are not andoly crowded, and each can 
apply hia force with proper effect ; the load 
call also be lifted level or be canted to any 
position required, or for light work one crab 
can be thrown out of gear and run Id one end, 
and all the motions performed by the other. 
Travellers for loads of less than 20 tons are 
rarely made with two crabs, but the types 
shown in Figs. 156 to 158 can be so fitted if 
desired, <n the heavier class eon be made 
^rith a single crab equal to dealing wiUi the 
maiimnm load if (an sometimes happens) the 
ose of two crabs is inadmissible. 

It will also be noticed in the Engravings 
above referred to that various forms of girders 
are used — Fig. 156 CNo. 11) having timber 
beams and double struts and truss rods : this 
sort of trussmg is used for 40-ft span, below 
30 ft. a single strut, and above 10 ft. a treble 
=^ strut, the timber platform beam in each cose 
" being of exactly the same form as the main 
ti beam, but much lighter ; and when timber 
^ beams are used the platform is made of open 
battens, unless cast-iron open foot-plates are 
specially desired. In Fig. 157 (No. 13) the 
beams aio of wrought-iron rolled H section, 
with a bridge rail rivetted on the top flange, 
and iu some cases the girders are stcet^hened 
by a (op and bottom plate rivetted to the 
flanges. This tonstruction is adopted fot tra- 
velleta with wrought-iron beams up to 10 tons 
for 20-ft, span, and for 5 and 6 tons up to 30-ft, 
span. It has the advantage of giving the 
maximum amotmt of head room in a minimum 
of total height. 

Fig. 158 (No. 9) shows the mun and plat- 
form girder of wrought iron, rolled H section 
and tniased ; this construction is adopted for 
light trayellere of long spans, where wrought 
iron beams of light appearance are required. 

The general construction of end cradles, 
crabs, &c.. is the same in all, differing only 
in proportion. 

The cost of a complete set of ironwork and 
chains is about 30 per cent, less than for the 
traveller complete vnth trussed timber beams. 
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atona 


4 tons 


5ton8 lOtona 


Utonn 


Span of trnveller 

rfeightoflift 


40 ft. 


40 n. 


40 ft 40 ft. 


40 ft 


16 ft. 


loft. 


15 ft. 15 ft. 


15 a 


Price of traveller with one orabl 










and one platform, and tiinber-J 


£120 


jEIGO 


£170 £210 


£300 


trussed beams | 










Price per foot extra spun to 50 ft 






£5 1 £10 


£11 


Price as above with wrou^^lit-) 
iroabeams J 


£135 


£170 


£200 1 £250 


£350 


Price per foot extra spas to 50 ft. 


£3 ID 


£4 10 


£6 { £12 






4 tons 


4itons 


5 tons 1 StoiiB 


12 tons 




170 oub. ft 


llJOouh.fL 


200 cub. ft. 300 cub. ft 


430 cub. fL 



Power of tr»»ellor 

t^pan of traveller.. 

Heightotlift 

Price of the Iraveller with one or | 
turn crabs, two platforms, and 
wood-touEsed beams .. 

Price per foot extra sp: 

Price as above with 
iron beams 

Price per foot extra sp 

Approiiinate weight 

,, meeisurement 



rought-) 
to 50 ft. 



25 tons 

40 ft. 
20 ft. 



b. ft. '650 oub. ft. 'i 
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Traveller ate made without the platform girder, and in thid case tlio platform is attached to 
and movciwitli the erab {see Engraving, Fi^. 160), Tljia dccrcnses tlie total weight of the 
traveller, but the crab is more expensive, bo that the cost is practically the same aa given 
at paf^ 78 ; more height is required from tlie rail level, and the Engraving is. given rather to 
illustrate tiie type than to recommend ^ta ndogition. 

Where it is neoestary to have tlie plutform attached lo the crab either for the purpose 
of savmg the dead weiglit of a platforju the whole lenglh of the p:untry, or for other local 
rraaons, a platform suspended to the crib by a nrongbt-iiun fnimo between the main beams 
U preC^ble; the platform attached to ihis frame flnit clears the deepest part of the beams 
or truss rods, and will work in a heigbt of 4 ft. 6 in. from rail level and about 7 ft. 6 in. 
total height. The prices are the same as the Hand Travellers, seepage 78. 

TK&TIXLZE CBAB9. The timber beams and truss rods fbr travellers required only for 
temporary use can often be constructed at the place nliera they are Ui be employed, almost 
as well as If the Traveller were supplied complete, and with great saving in freight and 
carriage: the cost of the crabs (which is the portion of the work reqnirinj; skill in design 
and workmanship) is therefore given. The crabs are complete with all motions up to the 
end of the bracket which carries the tumbler shaft, but the cust of no other ironwork, cliains 
or blocks is included in these prices; tlie,<e will liowever be found by reference to the 
index under their proper headings. 

PBlCBa OV TbAVEIXBB CbABS only, to BB worked rWM iBOVB OR BELOW. 



Power of crab .. 
I Pricp, exclusive of cfasiitB or 
I Approximate weight .. 

„ measurement , 





10 tons 


; £*0 £i5 


£55 


H tons U tons 


2 tons 


t. 65 c ft 70 c. ft. 


80 c. ft. 
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an gennsllr xiTQiIi' to thoae <legcribed,pageTn; but the handle ai 
shaft is replaced by a V. Iianling wheel for an endlesa chain or rope ; the brake and pawl 
beiHK conueoted tr^tber and actuated ti^ one cord, the pawl is lifted whiin the broke is 
applied, aud viet verta, TraTellers of this wmstruotion neceasarily do not require platrorm 
girders, but the; can be applied at huj time and liandli^a substituted for the haulfSK 
wheels. The Traveller. Fi(-. 162, is of the Bsme type, bat for luada froin 1 to 3 Ions, and 
will work in a very small £pace only 3 ft. 6 in. from rail level being required. This form of 
Traveller is frequently used witJi boiler and girder ri vetting maohines, where the men emplojed 
Bt the machincB can slowly move the work from hole to hole ; also for placing logs on saw 
frames and Bimilar work. 

The prices mclude the lifting and hauling chains for a height of IS ft. from Soor line. 



Power of crane .. .. 1 ton 


2 tons 


3lons 


1 tons 


5 tons 


10 toils 


15 tons 


SpanoftraveUer .. 30 ft. 


30 ft. 


30 ft 


80 ft. 


40 ft. 


40 ft. 


40 ft. 


Helghtoflitt .. .. 15ft. 


15 ft. 


IS ft. 


15 (t. 


15 ft. 


15 ft. 


15 ft. 


Price of traveller for tim-l gan o 
ber-tniised beams ..fl^^ *" 


£90 


£100 


£115 


£135 


£180 


£270 


Price per foot ext« tol! ^^ 


£2 


£3 


£4 


£5 


£8 


£10 


Price of traveller withl' tnr, o 
wrought-iron beams ..) ^^ "* 


£100 


£115 


£130 


£170 


£220 


£320 


Price per foot eitra to\ ,« ,„ 
50ft.,ironworfcoompleto; '^^ '" 


£3 


£* 


£5 


£6 


£10 


£12 


Amroiimate weight .. , 2itonB 


21 tons 


3t<«s 


4tonB 


4t tons 


7 tons 


10 tons 


measurement 100 c. fl. 


120 eft 


140 0. a. 


165 eft 


190 eft. 


250 eft 


350 eft. 



BIBAX-FOWBB OOUIlTH OBAmS, Figs. 163 and 164. This form of tmvelling oraDe 
technically called a " Ooliath," is specially adapted for use in station yards, quarries, timber 
and stone yards, as well as for bailding bridges oi heavy girders ; and as the crane mns 
on a pair of rails well laid at the ground level, no expensive structure is required to carry it. 
A crane of this type was designed and made by the Authors many years ago for use at 
the Bnncoin Docks, then in course of construction from the designs of Atr. E. Lewler Williams, 
and was subsequently oltered to work under conditions where it was necessary for one end 
to mn on the ground and the other end on a staging at a considerably higher level, involving 
the use of a long le^ and a short one. These cranes can be made of any height or span : 
that illnettaled in Fig. 163 lifts 40 tons and has a span of 10 ft., with a clear height of 22 
feet. The beams and frames are of wrought iron, and the engine^, boiler and gear are flieil 
against one of the side frames ; the load is traversed aorosa hy a jenney and tnivelled longi- 
tudinally, lifted by st«am power, the whole of the notions being controlled by one man. 

The Goliath, Fig 164, is of lO-tons power and baa a span of 40 ft. ; the main beams 
uo uf wranght iruu and tUe end fimnes of timber, stiffened by caat>iion brackets, but tho 
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stmcture is frequently made principally in wrought iron; the engines, boiler, and gearing 
can be fixed on a level with the main beams, as shown in the engraving, or netvr to the ground 
line, as may be most convenient: in the latter case, the overhanging weight is carried by 
tie rods to the top of the frame, or by an extra set of wheels running on a third line of rails. 
This arrangement admits of the feed-water tank being used as a platform for the driver, 
and of the wliole of the machinery being covered by an iron house. 

The prices are for Goliaths of 40-ft. sfmn and 20-ft. high complete, with chains to ground 
line. The cost of corrugated iron housing is the same as quoted for steam cranes at page 21. 



Prices of Stbam-foweb Goliaths, Figs. 161 and 162. 



• ■ 



Power of Goliath 5 tons 10 tons 

Span of Goliath 40 ft. 40 ft. 

Height of Goliath 20 ft. i 20 ft. 

Number, diameter, and stroke 

steam cylinders . . 
Diameter and heiorht of boiler 
Price if constructed with wood V ^^^^ ^ ^ ^.g^ q ^ 

trussed beams and frames . . / 

Price per foot extra span to 50 ft. . . | £5 | £10 
Price with wrought-iron beams and) £ig5 n q ' £ij25 o 

end frames .. .. ../ 



2— 5"X9" ( 2— 6"xl0" 
2' 9"x7' 0" 3' 0"x7' 0" 



Price per foot extra span to 50 ft. . . 
Approximate weight 

measurement 



»> 



£6 
9 tons 
400 cubic ft. 



£12 

15 tons 
600 cubic a 



15 tons 
40 ft. 
20 ft. 

2— 7"X10" 

3' 6" XT' 0" 

£650 

£13 

£725 

£15 

20 tons 

800 cubic ft. 



i 20 tons 
40 ft. 
20 a 

2— 7"xlO" 

3' 6"xr 0" 

£750 

£15 

£850 

£20 

25 tons 

900 cubic ft. 



'1 



Power of Goliath 

Span of Groliath 

Height of Goliath . . 

Number, diameter, and stroke o: 

steam cylinders . . 
Diameter and height of boiler 
Price if constructed with wood-"^ 

trussed bes>.ms and frames . . / 

Price per foot extra span to 50 ft. . . 
Price with wrought-iron beams and) 

end frames . . . . . . / 

Price per foot extra span to 50 ft. . . 
Approxi|;nate weight 

measurement 



>» 



25 tons 
40 ft. 
20 ft. 



,»» 



,»# 



2—7" X 10 
3' 6"xr 
£800 

£18 

£950 

£20 

28 tons 

1000 cubic ft. 



80 tons 
40 ft. 
20 ft. 



If 



2— 8"xl0 
3' 9"xr 6" 



£1150 








40 tons 
40 ft. 
20 H, 

2— 8"X10" 

3' 9"xr 6 



w 



£25 
35 tons 
1200 cubic ft. 



£1500 

£30 
42 tons 
1600 cubic ft. 



50 tons 
40 ft 
20 ft. 

2-8" X 10" 

3' 9"xr 6" 



£2000 

£35 
50 tons 
1800 cubic ft. 



At a slightly increased cost a steam capstan can be fitted for draggino^ stones in quarries, 
moving trucks, &c., or the construction may be modified to admit of one or more Goliaths 
being driven by a line of shafting in a similar manner to that employed for driving the 
Overhead Power Travellers, described at page 69. This arrnngement has been adopted on 
works for constructing the heaivy concrete or beton blocks now so generally used for 
br^Bikwaters and harbour work, the power being taken from the engine used for working 
the concrete mixers and block-making machinery ; and the cost is from 10 to 15 per cent, 
lower than for Goliaths having their own engine and boiler. 



STEAM CBAKE ON OOLIATH. Another modification is to have a steam crane fixed 
at one end of the framing, as shown in Fig. 160, or a steam portable crane to move from 
end to end on rails on the main beams. This subject has been discussed in many of the 
scientific journals both in this and other countries, with special reference to the various 
works executed by the Authors, and the following remarks are taken from a very interesting 
Paper on " The North Eastern Railway Company's Dock Extension Works at Middlesbrough," 
read before the Cleveland Institution of Engineers in April, 1874, by Mr. A. H. Whipham, who 
had charge of the whole of the works. **I wish to direct your attention to these cranes, 
constructed on the travelling-gantry system, seven of which will soon be at work, and which 
are the first of the kind erected anywhere, either in this country or abroad. The drawing, 
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No. 16*, shows generally the features of the scheme. The reasons which led to their adoption 
were the fulfilment of certain requirements of which the following are the chief. 

" Tlie lengths of quay being limited, travelling steam cranes are a necessity, in order that 
they may be adjusted to suit the varying hatchways of different classes of vessels, and 
able to load ships, the sides of which are from 15 to 20 ft. above the water line at the top of 
high-water spring tides, an advantage which the ordinary type of steam crane travelling 
near the rail level does not possess. It frequently happens mat no loading or discharging 
can be done at spring tide where these ground cranes are in use, on account of the jib 
fouling the ship's side. Also, to save labour, and for general convenience and safety, 
it is desirable that the man driving each crane should be able to see directly into the 
hatchway at all times, thus avoiding an extra, man, or in some cases men, on deck to 
give instouctions when to lift or lower. 

" These gantry cranes, which are supplied by Messrs. Appleby of Lopdon and Leicester, 
fully answer the above-named conditions, and in every way justify the experiment of oiu* 
being the first to introduce them. 

** The steam cranes themselves are placed on the tops of the gantries on the side nearest 
to the quay. The span of each gantry is 23 ft. from centre to centre of the rails upon which it 
travels. The clear height from rail level to the underside of the girder spanning the 
two lines of railway underneath is 17 ft. 6 in., thus allowing the uninterrupted passage of 
locomotive engines and general rolling stock. The travelling wheels are 12 ft. apart centre 
and centre. The framing is composed of a pair of timber uprights, trussed and strengthened by 
cast-iron brackets, and by two wrought-iron plate girders, which are connected io the timber 
uprights by four wrought-iron brackets. A strong carriage of cast i>-OD, witU the necessary 
roller path and the gear for transmitting the travelling and capstan motions, is firmly 
secured between the wrought-iron girders at the side nearest the dock, while the girders 
are planked on the top, so as to form a coal bunker. €^s and water are supplied by 
means of pipes {Missing up the legs of the gantry, and are attached to the mains laid along 
the quays oy flexible tubing. 

" Each crane, with the whole of the superstructure, is designed for a quick working of 
about 3 tons, the maximum with double gearing being 5 tons. 

'* The radius from the centre of the crane post to the plumb line of the lifting chain 
is 24 ft., and tlie jib is fitted with steam derrick motion ranging from 14 ft. to 24 ft. 

"The travelling motion is transmitted from the crane engine by gear and shafts to the 
travelling wheels and warping drums or capstans for drawing trucks, the latter being fitted 
into countershafts on the inside of the frames, and the whole arranged so that the capstans 
can be driven independently of the travelling wheels. This addition of the capstans, 
for hauUng the trucks into position for each crane, is found to effect a large saving in 
time and kibour. No horses or locomotive engines are ever employed excepting to bring 
or take away a train-load of trucks." 

The '^Journal of Induabry*^ writes on this wlject €U foUom:^ 

"The introduction of steam cranes adapted and applied to loading and discharging ships* 
" cargoes, lias probably effected a more substantial saving of *\"^6»^^^^.*?^^ "^?S.®^_t^*Il 
" er class of machinery. So mai ^ ^ - ^ - -^ ± 

lus goods can be lifted from th 

-_ may regard every improvement - 1 x /. 

♦* the mercantile world. The crane plays a conspicuous part in the facilities and cost of 




'^ cranes for loading and discharging cargoes. 




'* to effect an immense saving of time and money. 

•* In a * Report to the Communal Administration of the City of Antwerp on a system of 
" cranes to be employed for loading and discharging cargo at the port of Antwerp,' Mr. C. J. 
** Appleby exhibits a thorough knowledge of the requirements of a great commercial port, and 
" an accurate appreciation of the conditions to be fulfilled by a system of portable cranes 
" capable of dealing with all varieties of merchandise and different dimensions of vessels. 



SimUar to Fig. 166. 
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** * Vessels frequentins: the port of Antwerp,' writes Mr. Appleby, * vary so much in length and 
** beam that it would be impossible to regulate the distance between fixed cranes in such a 
** manner that there could be any probability of the total crane-power being at all fully 
" employed, and if it were not, the amount of capital sunk in the unemployed cranes with 
" their foundations and accessories, would be unproductive. There is, however, the more 
^^ important consideration that, whilst endeaTouring to berth ships under the cranes, a certain 
" length of highly valuable quay-room inevitably remains unoccupied, involving a further 
'* amount of dead capital/ 

** The^e remarks are really applicable to all ports where a considerable extent of dock or 
" quay offers facilities for vessels of all dimensions to lie alongside. Accepting, therefore, 
*' portable cranes as the most convenient and economical for this class of work, it remains for 
^^ us to decide on the form of portable cmne best adapted to meet the requirements of constant 
'^ work under all conditions of temperature, and at a satisfactory speed on occasions of grt at 
^^ pressure. After a careful consideration of the merits of the hydraulic and compressed-air 
" systems, Mr. Appleby rejects them in favour of the type of crane carrying its own steam 
" power. Of portable hydraulic cranes he speaks with the utmost fairness, and we believe 
'* that he is fully justified in confessing that their failure hitherto has been ^ due more to 
" defective design or construction than to any dilticulty really inherent in the system.* 

** But low temperatures interfere with the working of hydraulic power; and for this 
*' reason alone they cannot bo recommended in northern latitudes. Atmospheric cranes are 
*' justly dismissed from consideration as too complicated and costly. It is possible that such 
" improvements may be effected in both hydraulic and atmospheric cranes that these objections 
*' may be removed ; but we have to deal with actual facts and results rather than vague 
" theories and conjectures. The question of supplying quays and docks with mechanical 
" appliances for the prompt loading and discharge of cargoes, is really a matter of national 
** importance. The loss incurred by every day's delay in tlie performance of this work is 
'•* distributed over a large number of people ; but if accurately estimated, the total would be 
'• surprisingly large. 

" Manufae tutors, shipowners, merchants, dock and railway companies, dealers and 
" customers, all suffer more or less by the delays consequent on an ineffective system of loading 
"and discharging cargoes. Mr. Appleby believes— and experience certainly justifies the 
" belief— that portable cranes in which steam power is euiployed directly, are preferable to 
** those in which it is converted into hydraulic force. 

•* * The construction,' he says, * first mentioned has been employed to a limited extent, and 
** has given more or less satisfactory results; but I avoid that construction, because, in addition 
*' to the inconvenience already referred to when w<»rking in cold weather, the conversion of 
" steam power into hydraulic force involves a certain loss of power, wiiich, together with that 
'* incidental to a column of water passing at a very high pressure through the small area of the 
** inlet valve, is greater than is incurred in working spur-j^ear of good design and proportions ; 
" and there is the further, and to my mind very important, disadvantut^e that the engine- 
•• power is not available for some of the operations performed by cmnes which 

" • 1. Lift and lower. 

" • 2. Turn completely round in either direction simultaneously with the lifting or 

** lowering. 
** * 3. Alter the radius by raising or lowering the jib head ; and 
" * 4. Travel along rails by steam.' , 

*• All these motions being easily worked by one man, who attends to the boiler. 

" This type of crane will perform probably about 80 per cent, of the work of the docks; 
" but for dealing with the cargo of the largest class of seagoing vessels, which, when empty, 
** will rise to a considerable height above the level of the quay, a different construction is 
*• necessary. * The overhead steam crane, similar to that designed by Messrs. Appleby 
•* Brothers, and erected by them at Middlesbrough Docks, meets the requirements of the 
" largest vessels, and enables the smaller cranes to pass to and fro beneath. The success 
" which attended the operations of this system has led to its adoption elsewhere. In South 
*^ America, as well as on the continent of Europe, modifications suitable to the class of v^ork to 
'* be performed have been introduced. 

** * At Callao, gantries are fixed at intervals, so as to work at least two hatchways of the 
'* vessels frequenting each berth ; the jetties are about &0 ft. wide, and there will be a range 
** of warehouses below each gantry parallel with the lines of railway on each side. The cranes 
" travel by steam across the gantries, and will load or discharge from the warehouses, trucks, 
*• or vessels on either side of the jetty, as may be required. 

'* * On the Continent of Europe cranes of a lighter tvpe, mounted on a timber gantry, are 
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'thami "found ample for the work to be perfonned. The machinery and ironwork are usually 

sDclia " prepared in England, and are fixed to the timber framing, which is made on the spot; 

[J fojj^ *^ assuming the cose of timber work to be the same as in England, theie^ is at least the saving 

,g ^jj[ " in freight and duty/ 

3 mofe *^ As to speed of working the overhead steam cranes at Middlesbrough, we are informed that 

ccmio " as much as 50 tons of pig iron have been shipped per hour by each crane ; but of course much 

^iki *^ must depend on the faoOities for bringing goods to the crane, and on the character of the 
'^ goods themselves. 

ock or ** The docks at Middlesbrough were constructed by the Nortli Eastern Railway Company to 

^refoFF, ^* meet the pressure of an increasing shipping truflic. The usual types of steam and hydraulic 

ins for *^ cranes then in general use failed to aftbrd entire satisfaction to the dock authorities. They 

D£taD[ '* did not fulfil all the conditions demanded by a large traffic with vessels of all dimensions, the 

gnat " sides of which were sometimes 15 or even 20 ft. above the level of the quay. It was 

ed-ajr **" accordingly determined to submit the conditions to the engineering world, and to see what 

sttaiii *^ plan could be devised to secure an economical and effective system of cranes capable of 

elieTe ** grappling successfully with the heavy work of these busy docks. The design submitted by 

)ie to " Messrs. Appleby Brothers promised to overcome every difficulty, and to satisfy every require- 

** ment. It was accepted. The splendid system of cranes which we illustrate was completed, 
'' and their performances have surpassed tiie most sanguine anticipations of the docJc authorities. 
*' They have really afibrded a valuable lesson for dock authorities in all parts of the world, and, 
^* with modifications, they are applicable to the wants of all large ports. 



and 
ling 
tbe 
3 to 



*^ Our valuable contemporary, Engineering^ has thus described these grand mechanical 
" appliances : — 



' this 
8 are 
sucli 

!ti0DS 

nical 

iona! '* * The travelling staging or gantry of each crane has a span of 23 ft. centre to centre of 

k ij ** rails, one of the latter being laid close to the edge of the quay, and the other in the 6 ft. 

d be ** between rails. The clear height is 17 fk. 6 in., which allows the . uninterrupted circulation of 

*^ locomotives and all kinds of rolling stock on each of the two lines of rails which are spanned 
•* by the gantry. The travelling wheels are 12 ft. centre to centre. The framing is composed 
^^ of a pair of timber uprights, braced and strengthened by cast-iron brackets and two wrought- 
" iron plate girders, which are connected to the timber uprights by fonr wrought-iron plate 
^* brackets, strengthened with angle irons. A strong carriage, with the necessary roller path 
" and brackets for the gear required to transmit the travelling motion, which will shortly be 
*' referred to, is firmly bolted at tho extreme end of the girders nearest to the dock, while the 
and i' girders are planked over so as to form a store for coal and water. The crane and the whole 

;ioD *< of the substo'ucture is designed for a working load of 5 tons at the maximum radius of 21 ft. 

! o( ** from centre of crane-post to the plumb-line of the lifting chain ; while the crane itself is of 

bat <* precisely the same construction as those which have given satisfactory working results else- 

Ik *' where, with apparatus for altering the radius by steam from a maximum of 21 ft. to a 

w; ^' minimum of II ft. 

^^ *< < The travelling motion is transmitted from the crane-engines by suitable gear and shafts 

" to the travelling wheels, and warping drums or capstans are fitted on a countershaft 

** on the inner side of each frame, so that these warping drums can be driven independenily 

or *< of the travelling wheels, and they are used for moving the trucks into position below the 

^* crane, as they are required for loading and unloading. This simple addition is found 

*' to effect a very large saving in mannal labour and time, which, it is estimated, amounts 

** to at least £800 per year, because, without this appliance, horses and locomotives must 

*^ .be kept constantly employed, invtdving working expenses and wear and tear, in addition to 

^ the maintenance of the road, whilst with the capstans the trucks are brought into position by 

I' "the men in stowing and slinging, with no further wear and tear of rotid than that due to the 

^< " paying load. As it was decided to adopt this system of crane throughout the dock, the two 

^ ^^ lines of rails spanned by the gantry are laid with crossings at such intervals as will admit of 

)' ** either line being used for full or empty trucks, or in fact partially for both purposes if 

6 " desired. 

J ** * Another great advantage which has been demonstrated by practice is, that the cranes can 

) " be so readily concentrated at any point where they may be required ; and, indeed, as 

^* is shown in the engraving, three of these cranes are brought to load a long screw steamer 




" cranes were tested with the maximum working load of 5 tons, and subsequently for speed, 
** when tach crane delivered 50 tons per hour from the trucks into the steamer's hatchway.* 

** It will be manifest to our readers that auch a system of steam cranes must be applicable 

1-3 
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" with great adrantage to many other purpose} beeide those of dook work. Stone qnanies, 
" railwa; statlona, and luige favtoriei and depots having railway communieAtion, wonid find the 
" system a Taluiible means of eoonomMug labour, and enauriog greater despatch in the delivery 
" uf heavy goods.'' 

Pkice List oi- Goi.i»th Crakes, Fig. 163. 



Power of crane " 3 tons 


Stons 


7 tons 10 tons 


Mftiimnm radius of crane . . . . 1 S ft. 


20 ft. 


20 It 20 R. 


Spanofgantry 2.5fl. 

CW heiglit under beams .. 14 ft. 


25 ft. 


25 ft. 25 ft. 


14 ft. 


U a 14 fL 


Price with timber framing.. .. £600 


£750 


£900 £1100 


EltrapriceperfootspannptiSSft, , £1U 1) 


£12 


£16 i £20 


;Prioe with wroDRht-iron framing .. '£700 


£850 


£1000 '£1200 


; Extra price )>er foot span ap to 85 fL 


£1.1 


£18 


£20 


£25 


' Cornigated iron housing over crane 


£!0 


£25 


£28 


£32 


: Approiiraate weisht .. .. 


1 lions 


Z? tons 


:-Otoiis 


35 tons 




700 cubic fL 


300 cubic ft. 


1100 cubic ft. 


1400 cubic ft. 



The crones have steam derrick motion to the crane jib, travelllug motion to gantry, and 
single capstan on the gantry frame. If the crane is moTcd from end to end by power, the prices 
are abont 10 per cent, extra. If with hand-travelling motion to gantry and without capstan, 
but the crane moving &om end to end on the gantry, the prices will be tbu same as list 



i 601I&TH3. Cranes uf this ounstmctian are economicxl in first rost, and 
are usefully employed in railway station ynrds for moving heavy packages and for lifting loco- 
motives, carrisgen, nnd waggons off their wheels for eiamiuRtinn or repair. The same ^pe of 
crane, but fillt'd with tiavelliiiK wheels and gear, is lar^rely nsed (especially on the Continent 
of Europe), for the purposes above named, as well as for lifting and traversing heavy girders, 
whether under construction or erection, and for similar purposes on public works, in stone'Bnd 
timber yards, &c. Tbi^ hu-ght and width given io the subjoined list is usually amph-, but these 
proportions qan be varied t'> almost any extent, and the necessary data is given for ascertaining 
the approximate value of almost any spun which may be required. Tlie timber used is gunerallj' 
pitch pine or best Merael, and for the Goliiiths made entirely of iron, rolle \ wrought-iron 
gilders are used for the smsller sizes, onrl lattice or plate girders for the larger sizps. The fixed 
Goliaths liave a cross-travelling motion, single and double-purchase lifUng gear of ample 
strength, handles, brake, pawl-wbeel and pawl, and ch^ng to reach to ground line, 'rhe 
prtaTile Goliaths are fitted with wheels, gear, baiidlea,&o. (for travelling alonga line of rails), 
in addition to the motions above named. 
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Prices op Hand-power Goltaths, Fig. 165. 



X owor .. •• .. .. .. 

Span 

Clear height 

Price with fixed timber frame . . 
„ portable timber frame 
„ fixed wrought-iron frame . . 
portable wrougbt-iron frame 



If 



»♦ 



>» 



»» 



5 tons 


30 ft. 


20 ft. 


£170 


£200 


£2«m 


£250 



10 tons 
30 ft. 
20 ft. 
£210 
£270 
£2G0 
£300 



15 tons 
Wft. 
20 ft. 
£300 
£100 
£370 
£500 



20 tons 


25 tons 


30 ft. 


30 ft. 


20 ft. 


20 ft. 


£380 £460 


£480 1 £570 


£460 


£550 


£580 


£6^0 



The cost of Goliaths of longer span may be approximately ascertained by adding the same 
extra price per foot as is given in the list of prices for overhead travellers of equal power. The 
cost of Ironwork only, ready to fix to timber, is about one-third less than for the Goliath with 
timber frame complete. 

THAN, Fig. 166. Probably in no branch of mechanical science has greater progress been 
made than in the design of appliances specially adapted for dealing quickly and economically 
with those ponderous blocks of stone or concrete now and for some years pest used in the con- 
struction of breakwaters, harbours, and docks ; and, although it is not within the scope of this 
article to record in detail the improvements which have so rapidly followed each other in this 
class of machinery, it may be interesting to refer to some examplt-s, and to the conditions under 
which they have been successfully employed. 

The timber staging (often constructed under great difficulties, due to the nature of the 
bottom, bad weather, ^c), which formerly was almost invariably used, was carried considerably 
in advance of the works, but in many instances this became a toted wreck, and the work has 
had to be gone over again, causing great delay and extra cost ; even those remarkably fine 
examples of staging used in the cons^ction of the Dover Harbour under Sir John Hawkshaw, 
and the Tynemouth Harbour works, designed and carried out by Mr. Messent, were swept 
away and had to be reconstructed. 

The •bject of the crane appropriately called a "Titan," is to lift blocks of from 20 to 30 
tons' weight from the tracks and place them in position in advance of the finished work, and 
thus to dispense entirely with the use of staging ; it was first used for this purpose in the 
]M[anora Breakwater. The Titan, illustrated^ in Fig. 167, fulfils all the conditions indicated 
when tenders were invited for the work. 

Those conditions were, that the blocks, each weighing 27 tons, should be lifted, traversed 
out, and placed in position 25 feet in advance of the point of support afforded by the finished 
work. The main framing is made throughout of wrought iron, and travels on a pair of rails, 
22-ft. gauge, which were carried on blocking pieces up to the front face of the work, as fhown 
in the engraving ; the lieight from rail level to the upper side of the projecting girders is 20 ft. 
The lower members are of box-girder section, and are fitted on each side with two pairs of 
wheels placed close together, fore and aft, travelling on the rails above named, and tne front 
group can be relieved of the strain due to the weight of the block, by powerful short-stroke 
hydraulic jacks placed under the front end of each girder. 

The engines are 2 7-in. cylinders with link-reversing motion ; the boiler is of the 
vertical type, and the several motions for lifting and traversing the load and for moving the 
Titan are transmitted by suitable shafts and gear with the necessary clutches and levers. The 
engine and boiler are mounted on a platform laid on the transverse girders, tying the two 
frames together ; a pair of wrought-iron tanks capable of holding 30 to 40 tons of water ballast 
are fixed over the trailing wheels and form part of the framing. The cost of the Titan is 
£2500, the weight 85 tons, and the duty, 6 blocks laid per day, allowing for the time required 
for the divers to place the blocks under water. 

The cost of the 10 trucks, which were required for bringing the blocks from the drying 
ground, was £180 each, and the weight 7 tons each- 

A convenient form of Goliath for lifting the blocks, after they are dried and are required for 
use, is one with a direct-acting hydraulic cylinder and ram of the stroke required to lift the 
block on the trucks, the ram and cylinder being mounted on a travelling jenny with an engine 
and boiler of sufficient power to give the travelling motions and to work the hydraulic pumps. 
The cost of this for 50-ft. spnn is £1150, and the weight 30 tons. 

Since the work above referred to was designed it has been found necessary to use blocks 
weighing 40 tons, and the Titan for laying them has a swinging jib of about 50-ft. radius, 
carried on a frame somewhat similar to that already described; the jib is provided with 
swinging gear, and describes an arc of about 190% and will lay stones across a face nearly 
100 ft. widQ 
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Admiiably as these arrangements are adapted for conditions under which they have been 
used, other conditions require machinery of an entirely different character. At the large 
harbour works at Alexandria, now nearly completed, the concrete blocks were made at Mex, 
across the bay, and were conveyed from the block-making ground in barges which were towed 
by a steam tug to the various points where they were required ; the blocks weighed about 
30 tons each, and were lifted out of the barges and deposited, often in deep water, by floating 
steam derricks, an improved type of which is illustrated and described at pages 17 and 18. 

An inexpensive but efficient arrangement was adopted bv Sir Charles Hartley, in the works 
of the Danube Improvements, for depositing the 20-ton blocks, which were largely used. 
This consisted of a pair of masts stepped into the forward end of a large barge and tied back 
aft. A pair of strong blocks were hung from a link at the head of the masts, and the chain 
carried back to a powerful winch, which in this case was driven by cross and open straps from 
a smali steam engine. The cost of the blocks, bridle and winch, with pulleys, was only £120. 

It will be unnecessary further to trace the varied character of the machinery employed on 
the large works carried out in different parts of the world within the last few years. In some 
cases it has been necessary that the work should be executed in the shortest time possible, with 
a relatively large outlav in plant, whilst in others it has been essential that this item of cost 
should be kept low, or the work distributed over a long period ; hence the mechanical appliances 
have in nearly every case been specially designed for each undertaking. • 

The machinery for making concrete blocks will be found at Section 5, 

8EEAB LEGS OB XA8TIKG 8ESAB8, Fig. 168, are chiefly used in dockyards and 
marine-engine works, and the great height they will lift above ground line renders them 
invaluable for placing on boai3 ^e engines, boilers, machinery, guns, masts, &c., required 
in the equipment of vessels. The reach over from the quay line is regulated by the back leg, 
and the vessel is warped ahead or astern until the position is obtained for lowering the 
load in tiie place where it must be deposited. This kind of crane can be constructeid for 
any given height or load at less cost than a swing crane of equal power, but having motion in 
only one direction — ^from the quay outwards — ^it is only available for loading or imloading 
vessels afloat or vehicles on wheels. 

The legs are usually built up of wrought iron, either square or cylindrical, hollow in 
section, and made in lengths which are rivetted up with butt strips inside and flush rivets ; 
the legs taper fix»m tiie centre to tho ends, which ^ves a light and neat appearance. The two 
front legs are jointed at their lower ends into a pair of heavy cast-iron shoes, which are secured 
to the masonry of the quay wall; the bottom end of the back leg is jointed to a massive 
slide block working in a pair of cast-iron guides, which are also firmly fixed to the masonry at 
some distance back from the fh)nt wall of the quay, and the three are united at their upper ends 
by a massive cap and joint pin to which two pairs of blocks are attached, one set for light 
loads and the other for the maximum load. The single chain from each set of blocks is led 
back to the gear placed in the rear of the back leg, and a small steam engine and boiler 
(about 12-horse power) give the motive power required for lifting and for traversing the 
back leg. The machinery referred to and illustrated, Fig. 1G8. is of 60-tons power ; the length 
of the front legs is 90 ft., and the back leg 120 ft. ; the reach over from quay line is about 
37 ft. ; and the cost, ready for erection, is about £3300. The weight is about 100 tons. 

Shear legs for lighter loads, and of a cheaper construction, are made mainly of timber, 
and are adapted to work by hand or steam. For unloading locomotives the lifting power is 
30 tons, ana the maximum reach over is 25 ft. when 45 ft. high. The cost of the Shears 
complete is £1000, and the weight about 35 tons. The cost of a complete set of ironwork 
is £600. The cost of a similar set of Shears, but of 15-tons power, 15-ft. reach, and 25 ft. 
high, is £500. ' 

The back leg in this arrangement terminates in a strong screw which works through a 
nut and is geared to the hand or steam winch ; this nut is carried in trunnions, and so maintains 
its central position as the back le^: is altered in length. The back leg is coupled at the 
junction with the screw by a pair of radius bars or frames. 

COALING DEBSICKS. The introduction of steam into our ships of war, mail steamers, 
merchantmen, and colliers, necessitates the provision of coaling stations or depots, at various 
ports at home and abroad, and the construction of *^ Coaling Derricks " as they are called, 
has received considerable attention. The usual plan is to provide a hull of great tonnage 
and capacity, often the dismantled hull of a man of war, or of a large vessel past active 
service, and to fit this up with a complete system of cranes (either steam or hydraulic) 
to cheaply and quickly discharge coals from sailing ships or screw colliers into its hull, and 
as quickly to put them on boi^ the vessels requiring to be coaled. The cranes are usually 
of about one-ton power, fixed on each side of the hull, so that steamers or ships can be 
put alongside on both sides of the hull ; these cranes are fitted with swing jibs worked by power, 
and weighing appaoratus when desired. All the cranes are worked from one set of engines and 
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boilers placed in the hull, and such is the facility afforded by a properly-equipped Coaling 
Derrick that a 1000-ton steamer can be discharged in a few hours. 

Coaling Derricks for use at home are generally fitted with screening apparatus, so that 
the coals can be taken from tiie hold of a steamer, weighed, screened, and discharged into 
barges lying alongside, at one operation. 

COAL TIPS. The arrangement above described is that best adapted for dealing with 
sea or water-borne coals, but for coals conveyed by rail for shipment at a port or dock, at 
all heights of tides, and into ships of all sizes, without breaking the coals by any unnecessary 
heigiit of fail, considerable difSculty is incurred, and other arrangements must be adopted. 

If the coals are delivered at the quay at a considerable elevation, as is sometimes the caso, 
the trucks are run 011 a tipping cradle at that elevation ; this cradle is nearly counterpoised by 
Italaiice weights attached by chains to the cradle, and working over pulleys, the controlling; 
power being a powerful brake on the same shaft as the chain pulleys. When the brake 
is released ttie truck will descend until the back part of the cradle comes in contact witli stops 
which can be fixed at any required elevation, and the front end of the cradle then will continue 
to descend until th»4 required, angle is obtained for discharging the contents of the trucks 
into the ship; the bnlance weights under the control of the brake restore the truck tirst 
to its horizontal position, and finally, to the elevation of the rail. 

But it frequently happens that the rail level on which the trucks are ran is much helouo 
the deck of the fhip ; it then Ix comes necessary to raise the loaded truck before it can be tipped 
into the hold of the vessel: this is usually accomplished by a tipping cradle lifted by a 
hydraulic ram of satticient power and stroke for the maximum load and height of lift required; 
the truck having been run on to the cradle is then lifted to the desired height ; the iront end of 
the cradle comes into contact with adjustable stops, and the ram continuing its course, raises 
the cradle to the desiied angle for discharging the contents of the truck; or in some cases a 
separate ram and cylinder are used for the tipping operation, and a compensating cylinder is 
attached to return a portion of the water back into the pressure mains by the lowering of 
tne empty truck down to mil level. A truck with a 10-ton load can be put on the crc^le, 
lifted, tipped, and returned to the mils in two minutes. 

A very useful set of machinery was constructed by the Authors for the Dutch Rhenish 
Builway Company, for use at Amsterdam, where the water level and height of barges is constant. 
It consisted of a cradle jointed on the fender pile, and in a pit below the cradle was placed 
a 9-in. hydraulic ram and cylinder with a stroke of 6 ft. ; this cvliuder was hung in a pair of 
trunnions near its top end, and the ram had a spherical end working into a suitable socket on 
the under side of the tipping cradle, forming a ball and socket joint ; the rails were curved on 
the front end of the cradle for the wheels to run up against, and when the truck was put 
on and the pump sturted, the ram lifted the cradle to the necessary angle to discharge the 
coals into the barges, the waggons having drop ends, and carrying 12-ton loads. The power 
was supplied by a double-cylinder engine and vertical boiler of the type shown in Fig. 24, 
and was fitted with a double-action hydraulic pump, 3-in. diameter by 12-in. stroke, working 
direct into the cylinder, a relief valve being provided so that the ram could not be forced 
beyond a given point out of the cylinder. This engine was also fitted with capstan ends 
for shunting the trucks backwards atid forwards on to the tip, and swinging them on the 
turntables; this was done by a tow rope and leading pulleys fixed at various points, and the 
rope led on to the ciipstan. Twelve trucks are easily shunted and discharged per hour, and the 
cost of the whole of the machinery was £500. 

Another and still more simple lorm of tip has frequently been constructed by the Authors. 
Several are at work at the Ebbw Vale Company's wharf at Watohet, and are used for dischaig- 
ing hematite iron ore into the ships in the harbour. In these tips the cradle is altogether 
dispensed with ; the trucks are run up against a pair of curve<l rails, and a cylinder and ram 
on trunnions is u^ed. sindlar to that above described, but ^ith the top of the rnm fitted with a 
wrought-iron fork to lay hold of one of the axles; and as the ram ascends the truck is tipped on 
the other axle, the wheels of which form the fulcrum, tlie curved rails keeping the wheels from 
moving. Four of these tips (two on each side of a stone pier) are worked from one small horir 
zontal engine with cylinder 9-in. diameter by 18-in. stroke, fitted with direct-acting hydraulic 
pump of the same stroke as the engine ; and when the engine is not pumping into either 
cylinder it pumps through a relief valve back into the supply cistern. This engine also driveg 
a vertical capstan by underground shafting and strap, fixed in a convenient j^osition i^lntively 
with the four tips ; a treadle being depressed by the attendaiTt's foot, the strap is shifted on to 
the fast or drivins: pulley, and on removing his foot a counter weight takes the strap back on 
to the loose pulley. A vertical boiler is used for generating steam for the engine, and the 
whole cost of the machinery for the four tips, including four strong wrought-iron uhoots, with 
counter-balance weights, crabs for lifting, and steam and hydraulic connections, was £900. 
This arrangement has given very good working results. 

Th^ same form of Tip could be worked from a small accumulator, and would give a rather 
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increased speed of working, and possibly a little economy in engine power, but the first cost of 
the machinery would necessarily be higher. This could in some cases be compensated by 
utilisini? the power of an engine employed for other work, the water power being readily 
transmitted to a considerable distance without appreciable loss. 

With Welsh or any highly bituminous coal which is very liable to breakage, tipping, unless 
carefully conducted, causes so great a loss in the commercial value of the coals that it has f)osi- 
tively been found more remunerative to ship them by hand labour in barrows than submit them 
to ordinaiy tipping. To avert this it is now the practice to put the first layer of coals into the 
hold of a ship by drop-bottom boxes and a crane worked from the same power as the tip, until a 
cone or pyramid is formed reaching the deck, after which the shootd are carefully adjusted to 
tip on to this cone. These shoots are also fitted with a screening arrangement and a sort of . 
baffle at the point, so that the coals will not run out until they are trimmed down the hold. 

STEAM LIFT OB HOIST, Fig. 169. Vertical lifts of this type are of great service for 
tmnsportiug goods from floor to floor of wareliouses. The construction usually adopted is to 
fix four vertical square guide timbers, which pass through the various floors and are firmly fixed 
to them ; if the floors are of considerable height, the guides are diagonally braced. A wrought- 
iron frame or cage (and in some cases only a platform) is fitted to and guided by these timber 
uprights ; a framework is fixed on the top for the purpose of carrying the chain sheaves and 
balance-weight sheaves, and over these pulleys chains are passed from the cage to the chain 
barrel of the steam hoist, which is illustrated on a larger scale (Fig. 106) and fully described at 
page 9 ; from the opposite side of the chain barrel another chain is led over the top pulley 
to the balance weight, so that as the chain attached to the hoist is wound on the barrel, the 
chain to the balance weight is run off. 

The hoist is fitted with reversing motion, which is worked from each floor with a single 
lever only. 

Where a great quantity of work is required, there are two cages or platforms which balance 
each other and dispense with the necessity for balance weights; in that case six upright 
timbers are used for the framing. 

This form of lift is sometimes fitted with safety apparatus to sustain the' cage if the chain 
should break, and with self-acting gear for stopping the cage automatically at the top and bottom 
of its travel ; this is always done when the lift is used for passengers, and if desired it can be 
worked from the inside of the cage, the attendant travelling up and down each time with the 
lift. This is considered an extra element of safety, as a special attendant will naturally pay 
proper attention to the working of the hoist. 

The steam for supplying the hoisting engine can be taken from any boiler on the premises, 
and several are frequently worked from one boiler. If a boiler las to be provided specially for 
the lift, it is usual to place it in a yard, or in some cases on cantilevers fixed to the outside of 
the wall, so as not to affect the rate of insurance against fire. 

Lifts are also often fixed outside a building in front of the loophole doors, the engine and 
boiler being at the bottom of the framing. The cage U brought to a level corresponding with 
that of the carts or vans, and the contents are discharged directly into the cage and are raised 
to the level of any floor without further handling. 

Hoists of these types have been designed and erected by the Authors for the East and West 
India Docks, &c., but the conditions vary go much that it is impossible to give general prices. 
In some cases it is required that the work should be made complete, including brick and wood- 
work, boiler power, &c., whilst in others this is done by the purchaser ; and, again, almost every 
lift vaiies in the size of cage, height of lift, and weight to be lifted. 

HTBRAXmC HOISTS. The form of cage shown in Fig. 169 cm be worked by hydraulic 

machinery identical to that illustrated at Fig. 124, p. 86, for working an outside crane jib ; but 

tiie turning cylinders are of course not required. If the loads vary much in weight, and the 

' height of lift is also considerable, a three-cylinder arrangement would be advisable, for the sake 

of economy, as explained in the remarks on Whurf Cranes, Fig. 123, at page 34. ' 

HTBBAULIC DIBECT-ACTION HOIST, Fig. 170. This system is preferred to all others 
for passenger lifts, on account of the smooth and noiseless action and the almos^t absolute 
impossibility that any derangement should occur sufiicient to cause an accident. It cousins 
of a hydraulic cylinder eq^noX in length to the height of the desired lift (sometimes 70 'fc 
and upwards), placed vertically in a well or bore hole, and a mm of area proportionate to 
the work to be done and tl>e -pressure of water available. The cylinder is fitted with a 
gland or leather collar, and on the head of the ram rests the cage or ascending room, which is 
guided by suitable guide timbers. The motion is regulated by an equilibrium valve, admitting 
the water into the cylinder or letting it run to waste. The valve can be controlled from a 
rod which passes down one corner of the lift, and only requires a gentle pull to stop at any 
desired floor or to start again. - 
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These lifts are always fitted with compensating counterbalances, exactly equal to the 
weight of the cage and the ram at all points of its stroke, ensuring the utmost economy of 
water in working. The water pressure is obtained in various ways, from an accumulator of 
the kind descril^ at p. 35, and into which the water is forced by steam power and pressure 
pumps, one accumulator being used for working a number of such lifts together with cranes, 
capstan engines, dock-gate engines, &c., or it may be taken directly from the water company's 
mains, if there is a kigh-pressure service and the water may be used for such a purpose : but in 
London and in many large towns the comp mies appear studiously to restrict the use of water 
for lifts, small water engines, &c. ; whilst in Leeds, Bradford, and other towns in that dis- 
trict, where this privilege can be obtained, many water engines, lifts, &c., are used with manifest 
advantage to the consumer and to the water company. * 

To obviate the inconvenience experienced trom a defective water supply, recourse is had to 
a tank placed at the highest elevation available, supplied by a small pump and steam engine ; 
and after the water has been used, it flows to a low-level tank and is again lifted up into the 
high-level tank, the same water being used over and over again. The supply in the first instance 
is obtained from a well or the company's main, or from some source near the surface. 

The Lift, Fig. 170, is erected on tiie premises of Messrs Gooch and Gousens, ot London Wall. 
The ascenoing-room is 6 ft by 6 ft. and 7 ft. high ; the room has seats on three sides, and will 
take twelve persons at one time, and is fitted up like a first-class railway-carriage ; the roof is 
of glass with a lamp in the centre. The sales are held on the top floors of these spac.ous ware- 
houses, which are about 40 feet above the ground floor, the light being so muoii better there 
than on the lower floors, and the lift is used to carry the wool-buyers to and from the sale- 
rooms, or to any floor of the warehouse. The whole of these warehouses have been fitted with 
cranes and machinery by the Authors' firm. 

The cost of the machinery, including large top and bottom tanks, mains, steam pump and 
boiler for same, was £860 ; and the cost, including the necessary timber work, sinking cylinder, 
and erecting the whole, was £250. 

This Mnd of lift is used in many of the best hotels as well as in public buildings, hospitals, 
and offices, and even in the large private offices and blocks of build mgs which are now erected 
in commercial towns. A man in charge of the lift makes the full ascent and descent about 
once every two or three minutes, including stopping to let out or take in passengers at any of 
the intermediate floors. 

The Authors have erected lifts of this kind for use in several royal palaces, the ascending- 
rooms being 10 to 12 feet square, and luxuriously fitted and decorated. 

A similar form of lift is stlso much used for banks, to take up the b(X)ks and bullion from the 
strong rooms in the basement to the first and second floors, and many are now working with all 
kinds of pressures, each giving excellent results ; of course the greater the pressure available, 
the lower will be the cost of the lift for a given load and height ; but the conditions are so very 
varied that a tabular list of prices cannot b^ compiled ; but a bank lift equal to 1 2 to 15 cwt., with 
a 12-ft. lift, working with 60-feet head taken from a t»nk fixed on the top of the building, and 
supplied by the water-company's mains, costs about £130, including erection in London. 

Where no head of water is obtainable either directly jfrom mains or from a tank, the ram is 
lifted by water being pumped into the cylinder by a pair of pumps fixed on a cistern, and 
having about the same capacity as the cylinder ; ihe pumps are worked by hand, and being 
double, a steady, tmooth^ safe, and noiseless motion is obtained, these conditions being most 
essential in a bank or office. A variety of powers can be given by altering the stroke of the 
pumps, or working one or both at once and the lowering is periectly controlled by a small 
relief-valve, wbicli allows the water to fiow back into the pump cistern ; the top of the lift often 
forms the iron door to the opening and if the water is confined by the valve in tlie cylinder, it 
securely looks the opening to the strong room, without any other locking apparatus. This 
construction is adapted for lifts with a small diameter of ram and cylinder. 

UFT DBIVEK BT SHAFTIHO, Fi^. 171, for use in factories, works, and warehouses, where 
power can be taken from existing shafting. 



Power of lift .. 
Height of lift . . 
Size of cage . . 
Price,readyforerection,exc1usiveoftimberwork,&c. 

„ with safety apparatus 
Approximate weight 

measurement 



)» 



10 cwt. 

30 ft. 

3 X 3 ft. 

£65 

£15 

40 

60 



15 cwt. 
30 ft. 
3 X 3 ft. 
£80 
£20 
50 
90 



20 cwt 

40 ft. 
4 X 4 ft. 

£100 

£25 
65 

110 
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tutliag dawQ stoanipawer, Ihc 
.iftB Bliown ID these Engrav logs 
irill be foand compact, simple, 
and eoBj of mimagemeiit, and 
every expedient ie adopted to 
reduce the power required to 
woili theni. 

Fig. 172 18 deeigneJ to lii. 
against n wall; the euides are 
formed of tabes, and for lifts of 
small size und power this is ii 
neat arrungement. The IIIde- 
ti'atioii is taken from some lifls 
enroled in 1863 in the then new 
premises of the London Trinting 
und PuliliBhJng ConipSiiiy, and 
have been in work constantly 

ITie power is olitiiincd by 
the man haulihg at an eudleea 
rope whic;li works over a g looved 
wheel, the rope passing inrough 
nil the floors, so tbnt the lift 
can be wrought from any floor ; 
tllis liauliog wheel la keyed to a 
shaft which carries the pinion 
end brake : the brake is ar. 
ranged bo that it is alwnys in 
action anti;ss taken ofl! by the 
uttendant. The brake coid 
passes throurh all the floors 
alongsidethehfiulingTope. The 
pinion gears into a spur wheel 
on the Game thaft as the chain 
wheel, and the whole of the gear- 
ing ia cariieil by a pair of cast- 
iron brackets. 

Tlie top of the guide tnbes 
are sapporled by a neat entab- 
lature as shown, and the fram- 
ing of Ihe cage is cnnstructtd 
wholly of wroDglit iron lined - 
with boards on three sides, either 
half way up or to the top ; the 
lifts under consideration are 
constructed to carry loads of 10 
owt. The height is 20 ft. and 
the rages are 3 It. 6 in. X 3 ft. 
6 in. X 6 ft. high. The cost of 
the whole of the ironwork ready 
for erection is £40. 

The Lift, Fig. 178, U the type 

usually adopted for larger Eizes; 

the guides are formed of square 

timber firmly fixed at each floor 

line and to tie bottom floor, the 

upper ends being secureil to Ihc 

tie beams of tlie roof or fiamed 

together to carry the gearing ; 

this consiets of a V wheel of large 

jj.- ,-„ diameter, set in motion by the 

^" endless haulina; rope. On the 

shaft carrying this wheel ia fitted the brake and spur pinion, tiie latter gearing into a large 

spDi wheel ; tlie shaft on which this wheel ia fixed also carrivs the chain or rope wheel over 
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wLich passes the rope or chain, the ends being attached respectively to the cage and balance 
weight. This weight is generaHy made to cuunterpoise the empty cage and about 1 cwt. in 
excess, so that by releasing the brake the lift will ascend without the attendant hauling on the 
rope, and when lifting the maximum loads this arrangement reduces the work performed by 
the man to that extent, whilst it is particularly handy for lowering gofxis. 

These Lifts can be fitted witli a safety apparatus when required, which will arrest the caore 
from falling, should the rope break; the extra cost is given in the sul joined price list. It is 
often the practice to build a brick well-hole in warehouses, Ac, for the Hoist or Lift, and when 
this is done, the cost of the timber work is considerably reduced ; all thnt is require*! being a 
pair of timbers to form the guides, and two light grooved timbers for the balance weights which 
are fixed against the walls. This arrangement need not add much to the cost of the building, 
as a convenient angle may be chosen, or the outer walls of the building will serve to form two 
sides of the well. The size of cage given in the subjoined list of prices can be modified with- 
out increasing the cost, if the area remains the same — for example : a 4 ft. x 4 ft. cage = 16 it. 
area ; t)ut the price would not be altered if the cage were made 5 it. x 3 or 6 ft. x "2 it. 6 in. 
The value of the ironwork and machinery is not affected to any considerable extent by the 
height of the lift, the only addition being so much more cage rope, brake line, and hauling 
rope. 



Power of lift 


5 cwt. 


XO cwt. 


15 cwt. 


20 cwt. 


Cage not exceeiling 16 ft. area 










Height of lift not exceeding 40 ft 










Price of ironwork and machinery, including^ 
ropes and chains . . / 


£45 


£50 


£60 


£70 


Price of ironwork and machinery, and timber i 
framing, as shown . . . . . . . . / 


£60 


£68 


£80 


£95 


Price extra for safety apparatus 


£10 


£12 10 


£15 


£18 


Approximate weight of ironwork 


25 


«0 


40 


50 


„ measurement 


'60 


50 


75 


90 



LIFTS or HOISTS FOB CELLAS8 FOB HAKD POWEB. The Vertical Hoist, Fig. 174, is 
another useful machine, and is usually fixed in cellard having trap doors opening on the 
pavement, and so constructed that when the doors on the pavement are open, the platfojm 
will come up quite flush; a pit is made below the basement level to allow the platform to 
descend flash with the basement floor, so that goods, such as casks or bales, can be rolleti 
on or off at each floor with perfect ease, and in some instances they are made to come up above 
the pavement or street and to the level of the tail-board of a cart or van, which gives an 
increased facility for moving goods in and out of store. This form of Hoist is shown worked 
by a hand-crab, but obviously it can be worked by power if desired. The varying conditions 
as to weight and heiglithere again preclude the preparation of a list of prices and powers, but 
the Hoist illustrated was for a lift of 10 ft. in vertical height, the platform was 4 ft. x 4 ft., 
and the maximum load was 10 cwt.; the cost of the whole of the machinery was £45, 
including the crab, chains, and all ironwork, but not the cost of erection. --- 

IHCLIHE CELLAB LIFT or HOIST, Fig. 175. In this case the steps from the basement 
to the street level are utilized to forfh the guides, and for light load:;} nothing more is required 
than a strongly-made step ladder; for lifts of greater power the sides of -the steps forming the 
guides are of wrought rolled H iron, the inside being filled in with timber and not<-hed for 
the steiw. The platform of the lift is made to sink in a pit flush with th/e cellar floor, and the 
hoisting gear is generally fixe 1 under it, so that when not in use the lift presents no more 
obstruction than an ordinary step ladder. If the necessary head room can be obtained in the 
front wall the platform can be made to run above the street level hi^h enough to load into carts, 
&c., as described for the Hoiists, Figs. 169 and 174. The incline lifts cost about the same as 
vertical lifts of equal size and power ; they can be worked by power when desired, the Authors 
having fitted the well-known works of Messrs. Huntley and Palmer of Reading with both incline 
and vertical lifts worked by power. 



DINNEB or KITGEEH LIFTS, Fig. 176. The construction of these useful adjuncts for 
saving time and labour in hotels, restaurants, and private houses, is so clearly shown in the 
Engraving that but little description will be necessary; they are usually made with double 
boxes, so that one ascends whilst the other descends. The boxes are made of wood with movable 
shelves, and the only machinery required is a top pulley, spindle and bearings, and a rod to 
fasten the box when at the top of the lift. The lift is usually incased in woodwork, with 
sliding doors like window sashes. Speaking tubes are often carried from every floor to the 
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kiteheii, and tlie cage or box is uaida BtHmg enougb to cony cools, Ac, when the Bhelveg are 

removed. 

The mecbanigm is nf tlie 
simplest poasible ohanoler, and 
woTKB almr'st noiBeteesly. The 
cost of the ironwork and ma- 
chinor; for a Lift constructed to 
carry I cwt., with op and down 
cHges, it about £15, and it ly 
nsmllj erected b^ the builder 
to drnwinga supplied b; the 
manubcturer ; this work form- 
ing in fact part of the casing, 
wQch can of course be de- 
signed to correspond with the 
deooratjon of the room in whiob 
the opening to the lift U nmde. 
The cost of a dintier lift, nith 
np end down boxes (or plates 
and dishes only, is about £10. 

wmnvG smmB. Tiie 

modem practice of mining en- 

S' aeers is to continuallj' increase 
size of the winding enginia 
and speed of working; and there 
are many examples of colliery 
engines now in work which wind 
at a speed of 25(K) ft. per minute, 
including xlopping and starting. 
This high speed of working 
can only be obtained by coupling 
the engines direct to a wind- 
ing drum of considprabla dia- 
meter on the engine sliafL A 
pair of horizontal engines, with 
the winding drams centrally 
between them, is the nrrange- 
msnt now usually adopted, as 
being economical alike in the 
cost of engines, foundations and 
buildiogs, and in working ex- 

The subjoined ia a short de- 
scription of two pairs of such 
engines, recently erected respec- 
tively aitlio Mapperley OoUieiy 
and at the Donistliorp Colliery, 
both in Derbyshire. A pair of 
horizontal engines with steam 
cylinders 24" diameter x 48" 
Blroke are placed boiizontally 
about 10 ft. 6 in. apart from 
centre to centre ; the cylinders 
and valve boxes are neatly lag- 
ged, and fitted with condensud 
water cocks, shifting valves, and 
indicator cocks. Tlie weight of 
the piston is carried by tlie pis- 
ton rod being extended through 
p.- ,>}» the back cover, and both front 

'"^" '"*■ and back glands are of ample 

length: the piston and valve 
rods are of steel, the guidebars 
aro double, the bottom bars being cast on the beds and planed out to form oil cbannela, in which 
work the guide blockBwhichareofgre&tleDgtli; the conuecting-rodsareof wrought iron got up 
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bright, with solid ends at the crank-pin end and strap and cotters at crosshead end ; the length is 
10 ft. from centre to centre, and both ends are fitted with hard gun-metal adjustable bearings ; the 
cross-heads are of wrought iron forged solid and keyed to the rods with steel cx>tter8. The cranks 
are of the overhung kind of wrought irun, forced on the ends of the main shaft, and keyed with 
two sunk steel keys at right angles. The valves are three ported, and are worked by a shifting 
bar link, the valves being balanced on the backs so that the driver can handle them with perfect 
ease when under pressure. The eccentric straps are lined with gun metal. 

The crank shaft is of wrought iron 11} in. diameter, in the centre planed eight sided for 
staking on the winding drums. These drams are slightly coned from 11 ft. 6 in. to 12 ft 
diameter x 5 f t 3 in. wide, and are constructed of cast-iron rings in halves bolted together 
and hung by keys on the flats planed on the shaft. The break ring is cast to these rings 
and is fitted with wood blocks ; the brake srrups embrace the lower half, and the lever for 
putting on or releasing the brake is worked by the foot of the attendant. In some cases the 
engines have been fitted with an auxiliary steam brake, which can instantly be used if desired. 

The whole of the steam and exhaust pipes are carried below the beds of ihe engines and 
below the engine-room floor, which allows the condensed water to drain from the cylinders, a 
matter of importance in intermittent workmg, and at the same time preserving a neat appear- 
ance in the engine room. The steam slide valve is balanced, and the reversine, steam, and 
brake levers ai-e all brought together in one set of quadrant guide plates, and close to the 
foot brake. The tell-tale is worked from a light drag link and crank coupled to one of the 
crank pins, and drives a worm and tangent wheel, the wheel spindle being fitted with indicator 
and dial. The whole is mounted on a pair of massive and neatlv-designed cast-iron bed plates. 

These engines are supplied witli steam by a range of four fwilers of egg-ended form, 30 ft. 
long X 5 ft., and are fitted with furuace work and steam fittings of the most approved patterns, 
including double safety valves, float indicators, as well as water gauges, &c., steam stop valves 
and branches to put any boiler out of use, expansion joints between each boiler, feed-water 
valves and pipes with expansion joints. The boilers are fed by a vertical steam donkey with 
6 in. diameter cylinder and 3 in. double-acting pump. 

At the pit's mouth, where a large amount of refuse coal can be obtained without great 
cost, it is ufi^ to put down tgg-ended boilers as being the lowest in first cost, and the repairs 
are less perhaps than in any other form of boiler ; but for similar purposes, Cornish and Lanca- 
shire boilers have been used with marked success, one instance of which will be notic( d later on. 

The rope used at tliis colliery is 1^ in. diameter round steel wire rope, and the iiett loads are 
about 20 cwt. The cages are of wrought iron fitted with safety apparatus, see p. 114. The 
head pulleys are 12 ft. diameter with wrought-iron arms. 

The enguies are raising 500 tons of coal per day from a depth of 120 yards, and the total 
cost of engines, boilers, and steam connections is £2000. 

Winding engines for very deep shafts are sometimes fitted with condensers ; but for shafts 
of moderate depth the intermittent nature of the work does not admit of a vacuum being 
obtained until just before the engines have to be stopped, and unlcf^s the vacuum is destroyed 
by a pet cock, or some similar expedient, the winding g:ear is rather difficult te manage ; it is 
therelbre exceptional to have condensen applied to wmding engines. 

A great contrast to the general practice of paying but little regard to the quantity or value of 
fuel consumed per ton of coals lifted, may be teen at the Blackwell Colliery, in Derbyshire, 
where the results are equal to anything and surpass many obtained in manufactories where the 
fuel cosIb three times as much as at the pit*s mouth. The boilers at this colliery are double- 
flued Lancashire boilers, 28 it. 6 in. long, ^d 7 ft. diameter ; the flues are 2 ft. 9 in. diameter, 
contracted to 2 ft. 5 in. ; each flue is fitted with four Galloway water tubes, and the grate 
surface in each tube is 16 square feet. 

The boilers are set on Hydes and Bennett's system, which is, that the gases shall pass from 
the ends of the flues under the boiler, and then rise up through a series of flre-day guides 
round the sides of the boiler as they pass along, and so into, an overtop chamber which main- 
teins the top of the boilers at an average temperature of ahout 550'^, super-heatlhg the steam to 
a useful and perfectly safe extent, whilst at the name time preventing loss from radiation, and 
admitting of the boilers being worked in the open air, as usually is the practice at collieries. 

Considerable objection was raised to this metiiod of setting, many persons maintaining that 
the top of the boiler would be heated too much, and cause leakage by expanding that portion 
more than l^e bottom ; that the steam ^ould be too much super-heated, and that there would 
be loss of strength from overheating. All these objections have, however, been best and most 
completely answered by the fact that plates testeid by the Franklin Institute increased in 
tensile strength up to 570 ^ the strength being thus 66.500 lbs. per square inch against 
56.000 lbs. at 82^, so that a greater strt ngth is imparted to the boiler up to that temperature ; 
and as to leakage from uneiiual expanKion, the boilers in qucbtion have been in use six years, 
and aie now quite equal to new, no repairs having been required to them under constont work 
for the last three years. Up to a given point super-heating is admitted to be of great value, 
and by adopting this systf m the cost of any kind of covering over the boiler is saved. 
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The feed water is heated up to 220^ before entering the boiler, and the form of water-heater 
used is an egg-ended receiver, about 20 ft. long X 5 ft. diameter, placed horizontally a few feet 
at)ove the donkey pump. This receiver is fitted with a perforated plate about 18 inches from 
the top, on to which the cold water is discharged for the purpose of bretdcing up the stream 
whilst the exhaust steam is passing through the body of the receiver on its way to the 
atmosphere ; the water thus falling through the perforations mingles with the steam and the 
temperature of the water is rai:ied from about 64^ to 220°. To prevent the heater from beoomiog 
choked with water, an uveriiow pipe is placed about 24 inches from the bottom of it. The boilers 
evaporate 466 gallons of cold water (64^) with 490 lbs. of engine slack per hour = 9.5 lbs. of 
water per pound of coal per hour, whilst the same boilers, with hot water from the water-heater 
at 190 ■' (which is about the heat atler being cooled by passing through the pump and pipes), 
working with the same ootds, evaporated 10.42 lbs. of water per pound of ccal. IVith hot water and 
best steam coals the duty was again raised to 11.21 lbs. of water per pound of coal, which is an 
excellent result to be obtained on an ordinary trial. Some other boilers were tested, set in tiie 
same manner, excepting they did not have the overtop chamber, and the best results from 
them, with Wigan coals, was about an average of 9.9 lbs. of water evaporated per pound of coal. 
It may also be interesting here to note that the test showed a consumption of about 21^ lbs. of 
coal per to/i of coals lifted 720 feet, and that the horse power exerted was 341, whilst the power 
theoretically required to do the work is only 198 H.P., showing a loss from friction, &c., of 
nearly one half tlie power exerted even with engines and machinery of the highett class. The 
speed of working the 720 feet is 32 seconds, including starting and stopping, and the average 
during a day's work was 30 lifts per hour with up and down cages — ^four tubs in each cage. 

The above data is taken from a very interesting Paper read before the Chesterfield and 
Derbyshire Institute of Engineers by Mr. J. A. Longden, the engineer and managing director 
of the Blackwell Colliery Company, and the same Paper contains full details of carefully- 
tabulated experiments by Mr. Longden. 

Most large mines have separate pumping engines usually of the Cornish type, but for small 
pits the water can often be wound by a bucket alternately with the cage as shown in Fig. 182. 
Figs. 177 to 180 represent a plant of winding and pumping machinery constructed for a lead 
mine in Spain. Fig. 177 is an end elevation ; Fig. 178 ground plan ; Fig. 179 side elevation ; 
and Fig. 180 section of boiler and boiler-house. 

These engines are each 10 in. diameter x 20 in. stroke, fitted with link motions, and they 
are geared to a winding drum 6 ft. diameter *x 2 ft wide, with strap brake and foot lever ; 
the pinion on the crank shaft can be thrown out of gear by a cluteh and lever, so that the pump 
arm may be kept continuou^jly running when the drum is out of use. The employment of gear 
instead of driving the winding drum or drums direct (as previously described), admite of the 
use of small engines for mines of considerable depth ; and it is often very important tliat the 
parts should be exceedingly light, so as to allow of transport over bad roads and to almost 
inaccessible positions, saving in treight and carriage and immense risk. 

These engines raise one-ton loads {toitl with cage) at 850 ft. per minute, and work pumps having 
a dfawing lift of 8 in. diameter, and forcing lift of 10 in. diameter, to a height of 60 fathoms. 

The arrangement is shown so clearly that there will be no need for much description ; there 
are three Cornish boilers, each of 16 ft long x 4 ft. 6 in. diameter, two boilers being sufficient 
to work the engines easily ; the third being a duplicate, which could be laid off for cleaning 
when necessary. 

The cost of the whole of tl e machinery and of the ironwork for the pit-head gear, including 
the wire ropes, pumper tools for working engines, and to be used in erection, packed and 
delivered to docks, was £1640; the weight was 45 tons, and the measurement 1500 cubic feet. 

Many other sets of winding and pumping engines of various sizes have been designed and 
made by tlie Authors, the smallest perhaps being a number constructed for the East Indian 
Railway 0)mpany, in which the steam cylinders were 8 in. diameter x 14 in. stroke, and the 
pump was 8 in. diameter x 14 in. stroke, double acting, fitted with 5 in. suction and rising main 
pipes. The boiler was of the semi-portable kind as shown in Fig. 181, p. 110. 'Ihese engines 
were each fitted with two wrought-iron cages, ropes, head gear, safety apparatus to prevent over- 
winding, all the ironwork required for the pit-head gear, and the duty performed was to 
lift a nett load of 5 cwt. at 200 ft. per minute whilst pumping at the same time. The 
engines were constructed for working the thin seants of native coal, and as they are near 
the surface, the whole apparatus was made capable of being readily removed and re-erected as a 
seam was worked out, which was found to be more economical than to increase the under- 
ground workings. The cost of this plant was £600 per set. The total weight 16 tons, and 
the measurement 1200 cubic ft These engines and pumps have given great satisfaction, and 
proved well adapted for the purpose. 

A new form of engines was exhibited by the Authors at the International Exhibition of 
1862, and during the last few years many winding engines of the type referred to, which is 
illustrated, Fig. 181, have been used with considerable success, especially for small mines and 
temporary workings. From the high pressure used in the locomotive boiler shown, the greater 
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piston 6pce<1, and tho high duty obtained from this form of boiler, together with the advantages 
which the construction offers in the facility for transport, erecting and setting to work 
without the delay and expense incurred in costly foundations, &c., render this fbrm of engine 
specially adapted for use in countries where fuel is dear, and skilled labour to erect 
machinery is difficult to obtain. The cost of getting; heavy machinery into position at the mines is 
often as much as tho whole has cost in England ; in such cases engines of this type compete 
successfully with the class of large direct-acting engines described as having been erected at 
Mapperley, &c. ; but for great depths, and where fuel is of anything like moderate value, the large 
engines will unquestionably have the advantage, because the repairs on both engines and 
boilers will be so much lower, that this alone will probably more than cover the increased 
interest on the capital expended. 

The arrangement shown in Fig. 181 was designed for use in Spain, where all the difficulties 
above referred to were encountered, both as regaixis cost of transport, erection, and the absence 
Df building materials. In such cases the engine is, if possible, sent away erected complete, 
on its own bed plate, protected by a stron«[ packing case. The boiler when lifted into position 
over the engine is ready to set to work when the necessary steam and feed-water connections 
have been made. The engine bed-plate is secured to a framework of wrought-iron girders, 
which carry the pedestals and bearings for the drum shaft, the brake gear, &c., is fixed in place, 
and the whole is tested in steam before being sent away ; all partd are then carefully marked 
and numbered for re-erection on arrival at destination. The wrought-iron girders form a frame- 
work which cannot well be put together wrong, and the only foundation necessary is some 
rough stonework or solid level ground. 

The wrought-iron girders are not included in the prices given in the subjoined list. 

The prices do not include the head gear or timber work shown in the engraving, nor the 
wire rope, cages, or ^' bob " lever ; the engines are made with the boilers fixed as shown, where 
great compactness is required ; but as no other special advantage is gained by this, the boiler is 
frequently fixed a short distance away. The grit and dust from the stoking is thus removed 
further away, the engines are more accessible for cleaning or repairs, and the vBrioua 
working parts are kept cooler. The price is the same for either arrangement. 



Nominal H.P. 


12 


14 


15 


20 


Number and diameter of cylinders 


2—8 in. 


2— 8J in. 


2-9 in. 


2-10 in. 


Diameter and width of drum 


5'0"xl'6" 


5'0"xr6" 


5'0"xl'6" 


6'0"xr 0" 


Weight lifted 


15 cwt 


18 cwt. 


21 cwt. 


25 cwt. 


Sped of rope per minute . . 


500 ft. 


500 ft. 


600 ft. 


500 ft. 


Ptice with single drum 


£450 


£500 


£540 


£660 


M double „ 


£475 


£525 


£565 


£690 


Price extra with pumping arm 


£25 


£25 


£25 


£30 


Approximate weight 


7 tons 


8 tons 


9 tons 


10 tons 


,, measurement 


720 cubic ft. 


880 cubic ft. 


950 cubic ft. 


1050 cubic ft. 



Nominal H.P. 


25 


30 


40 


50 


Number and diameter of cylinders 


2—11 in. 


2-12 in. 


2—14 in. 


2—16 in. 


Diameter and width of drum 


6'0"x2'0" 


r0"x2'0" 


7'6"x2'0" 


r6"x2'0" 


Weight lifted 


30 cwt. 


40 cwt. 


50 cwt. 


60 cwt. 


Speed of rope per minute . . 


500 ft. 


500 ft. 


500 ft. 


500 ft. 


Price with single drum 


£770 


£900 


£1150 


£1350 


„ double „ 


£800 


£950 


£1200 


£1400 


Price extra with pumping arm 


£30 


£35 


£40 


£40 


Approximate weight 


12 tons 


14 tons 


17 tons 


20 tons 


„ measurement 


1200 cubic ft. 


1400 cubic ft. 


1700 cubic ft. 


20Q0 cubic ft. 



Another very handy form of winding gear is shown in Fig. 182. This is an ordinary portable 
engine, geared up to a winding drum placed on a couple of brick piers or a strong timber 
framing. A number of these engines have been made with the drums carried on the engine 
itself, these of course being readily removable if the engine is only required as a motor. 
Combinations of this kind are frequently of the greatest service to thu miner, contractor, or 
quarry master. The head gear is here shown of cast and wrought iron; and as it is erected 
complete before shipment, the employment of costly labour abroad is unnecessary. In some 
cases timber can scarcely be obtained, and in others is not suitable for the climate ; and in such 
cases it will be evident that a neat head gear, similar to that shown, offers many advantages. 
For Illustrations of smull mining cage and tub, see section 5 
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Fig. 182* is an enlarged engraving of a double-cylinder portable engine of the ordinary type, 
without wheels or axles, geared to a winding drum mounted in a wood frame; an arrange* 
ment of this kind possesses nearly all the advantages claimed for i^t shown in Fig. 180, at a 
somewhat lower first cost. 

Double drums with central clutches and separate brakes can be fitted instead of the single 
drum shown, when desired, so that two shafts of varying depths can be worked at one time ; 
the extra cost of double drums is given in the subjoined price list, as well as a crank aim 
outside the plumber block for working pumps. 

Prices of Single-cylindeb Winding Engines, Fig. 182*. 



Horse-power (nominal) 




6 


8 


10 


12 


Diameter of cylinder and stroke 




8}"xl3" 


9i"xl3" 


10^x14" 


12" X 14" 


Diameter of drum 




4'0" 


5'0" 


5'0" 


5'0" 


Price 




£280 


£320 


£380 


£435 


Extra for double drums 




£20 


£25 


£25 


£25 


„ pumping arm . . 




£10 


£15 


£15 


£20 


Approximate weight, in tons . . 




4i 


5i 


6i 


7 


„ measurement, in cubic feet . . 


880 


606 


680 


740 



Prices op Double-oyijndeb 


Winding Engines, Fig 


. 182*. 




Horse-power (nominal) 


8 


10 


12 


14 


Diameter of cylinder and stroke 


6i"xl3" 


7i"xl3" 


8i"xl3" 


9rxl3" 


Diameter of drum 


5'0" 


5'0" 


5'0" 


6'0" 


Price 


£260 


£410 


£430 


£465 


Extra for double drums 


£25 


£25 


£25 


£25 


„ pumping arm 


£20 


£20 


£20 * 


£20 


Approximate weight, in tons .. 


6 


7 


74 


8 


, „ measurement 


506 


644 


700 


800 



The speed of lifting, and weights to be lifted, can be modified to suit any conditions, but 
the usual speed is from 300 to 500 ft. per minute for loads of 10 to 20 cwt, and the steel wire 
ropes vary from J" to f " diameter. The pit-head pulleys should be at least equal to the 
diameter of the drums given for each size, and are usually rather larger. 

PIT-HEAI) GEAB. The design of the framing for carrying the over-head gear varies con- 
siderably ; in this country it is usually constructed of timber, but for shipment wrought-iron 
possesses many advantages, especially so where the climate is hot, or there is an absence of 
skilled labour. 

A very neat and simple construction of over-head gear has been designed and made by the 
Authors for use in Spain and other warm climates. This consists of two main A frames made 
of wrought-iron of H section, those on the side nearest the engine (being line of pull) are the 
strongest. The frames are tied together transversely by lattice bracing, and are connected at 
their upper ends by horizontal gii-ders, which caiTy the rope pulleys ; a platform is provided 
around the top pulleys for oiling the bearings, &c., access to which is afforded by a ladder from 
ground level. The lower ends are fitted into strong cast-iron socket plates, which aie secured 
to masonry or timber. The whole of iho work is put together with bolts, so that the cost of 
freight is reduced to a minimum, and every facility is obtained for transport over difficult 
ground, and for re-erection at destination. The total cost, even in England, compares favourably 
with pit-head gears of the ordinary construction, but tlie advantage will be more apparent when 
the cost of freight, transit, erection, &c., ure added, which form an important addition to the 
more bulky aiTans;ement usually adopted. 

The cost of these frames will be aflectcd by the heiglit, size of shaft, and power of engines 
employed ; but a general idea may be obtained Irora the following data. A complete pit-head 
gear for 20 horse-power engine. 30' 0" high, fitted with two 6' 6" diam. pulleys witii wroujrht- 
iron arms, spindles, bearings, platform, ladders, &c., costs £140, and one of the largest size 
about £250. 

The cost of complete sets of ironwork for wood frames, including pulleys, may be taken at 
£40 to £100 per set according to size. 

Wrought-iron cages £18 to £36 each. Safety apparatus for ditto about £30 per cage. 

Safety hooks for preventing over-winding £10 to £15 each* 
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vmne mreiinE fok vsi>saaBomD tokkotos. Figs, isa and iS4. Thcso 

eugioea ere designed specially for working in levels and niidita. Fig. 183 is a double-cylinder 
engine fixed on timber f^^ioe, nod Fi?. ISl is il sin gle-cy tinder engine moimlcd on lo« trolley 
wheels ; bat eitlier can be made portableor filed. The fraraesof the engines are made tlirougliout 
of wrought Iron ; and everythiag ia done to ksL-p down the weight and bulk, and to adapt 
them for the rough asBge they eu often mei^t with undergronnd, working in dirt and grit 
with but very little attention, the attendaut rarely being a mechanic li^h engine is fitted 
trith link reveraiDg gear, double diuns, sepaiale bnUfea and olutcbes, so that the dtntna can be 
nsed quite independently of each other. 



These engines are freqnently driTsn by compressed air, and fbr that reason the powers have 
been calculated at 30 lbs. aTerage pressure ; but they are constructed to stand 60 lbs. pressoie, 
and if steam be used the powei developed will be in proportion to the pressure available. 
The clutches are all of wrought iron case hardened, the drums are bushed with gun metal 
mimiiig loose on ttke shafts, and the brakes are tnnadon tbelr faces. 
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-Nominal H.P 


8 12 1 14 1 12 i 16 1 20 1 30 40 


50 : 


' Di»m. and No. of cylinders 


I_8" I— 12"1-14" 2— S" 2—!)" 2-10"a— 12",2-14' 


2-16" 


Average eteani pTe3sure,lbs. 


30 80 1 30 1 30 30 1 30 1 30 


30 


30 


' iJinm. of wire rope.. 
YdB. of rope drums will hold 


im. iin. S»"- Ijin. Jin- Si-- 1 «- 
500 450 ■ 8U0 4.10 ^.00 1 1000 1 1200 


& 


im 


Spetd of rope per mio. 


25nft. 350(t. 2S0ft. 338ft. 280ft. 400ft. 470ft 


420 ft. 


420 ft. 


Weight lifted lbs. 


1100 1800 1 2000 ' 1600 2600 2200 . 2800 


4000 


6000 i 


Price without wheels .. ' £165 £225 , £:J50 £330 j £36,i £400 \ £440 


£565 


£800 


„ withwheolsanda^loi £175 £235 : £365 ' £3ii5 £3S0 £,i!0 ! £165 


£590 


£825 ' 


Approi. weight ..■ tons' 2 , 3J 4f i 4 | 4i 5-6 


7 


S 




320 


S30 
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YEBTICAL WIHDIBO EFGim, Fig. 1S3 (No. 16 c). In this arraogemnDt tlie boiler is ol 
the yerticttl tjpe, with plain croea water tubes — a oonBtniction not to be recommeo'ted foi 
economy in the consmnption of fnel, but in practice it is a, neeful fonn of boiler, and will wort 
with the worst kind of water without being deranged ; a. multitubuUr boiler working nnder the 
■anu) conditions would soon become nselen, or would be constantly under repair. The engine 
is verticel, and is (»rried by a casting which relieves the boiler from an; strain. The crank 
shaft is of wrought iron with a oeutral bearing, and the framing ia conatrnctnd of wrought'! ron 
channel bars, strong and light and neat in appearaooe. In this case Ihe drums were placed 
outside the ftame, and were nude of different diameten in oidet lo^work two ahoftt of different 
depths at the same time. 

Theengine, Fig. 187, is sitnilar to that desoribed abore, but the winding dram is placed 
inside the frame, and a pumping arm and shaft is added which can be worked at the same 
time or separately from the wmdmg gear. 

The cost of these engines is not much affected by the position of the drum, and separate 
prices are given for the eib& shaft, bearings, and gear required to wotk the pumping arm. 
See list at pages 118 and 120. 



APPLEBY'S HANDBOOK OF MACHINERY. 



Prices or SiKQLE-CrLiHDBB Vertical WnsniHC 


Ekokes. 


Fixed i 


ND PORTABLB, 


PigB. 185, 186, 187, 189. 




Nominal H.P | 3 1 4 


» 6 


8 


10 


12 


Diameter of cylinder .. .. 1 5* in. ! CJ in. 


Tiin 


Sin. 


30 in. 


11 in. 


Diameter of drumB i 3fL 3 ft. C in. 


4 ft. 


4rt.ein 


5n, 


sa 


Price.. 1 £165 ■ £IS8 


£220 


£270 


£305 


£345 


Extra n'iib pumpiugarm .. ,. 1 £5 1 £7 
double drume.. .. i £10 \ £12 


£10 


£15 


£20 


£25 


£15 


£20 


£25 


£30 1 


trolley whf*lB.. ..I £5 £8 


£10 


£12 


£15 


£18 1 


road wheel, lodtiogl f,„ ! £,, 
plate and BhafW .. .. ,?). ^^^ "^ 


£15 


£20 


£25 


cs. 


Appcoximnte weight .. .. 1 3i lona ! 31 tons 


4|tODB 


eitODB 


711onB 


SitoDB' 


meflsurewcnt .. 22uc.ft. 3(IOc. ft.; 420c.ft. 


490 eft. 


600 eft. 


700 c. ft; 



AcTftnk pin fefworldngpnmpB can be fitted into the main Bpor wheel without extra cba^e. 
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THE FOBTABLE DOrBLE-CYUHSXB WDlDnro ENOOrE, Fig- IS8 (So. IG b), U 
mouDled on wrought-iroQ road wbeeU, anil ie fitteil with shafts and locking plate, and is easily 
moved fiom ^lace to place like an ordinary portable engine. Tlio drum nnd gear can 
be readily removed, aod these engines are olten need for driving machinery when they are 
not required for niiiding. 

The oonrtruetion is very Bimiiar to the fixed enginei of the samo type. Tlie (ngraving, Fig. 
186, iii from a phntogniph of an engine of 13 horee-pDwei, some of irhich nere used by Mr. 
Firbank in the completion of the eiteusions of tbe Midland Bnilvay in London. 

Fig. 189 (No. 16 b) is a ijngle-cylinder engine of same kind, but of 3 horse-pover, the 
amalleet nmally made. 



ThcM esgineB we fitted nitli link tevcrBing gear, so that an up or donn cut or donUe rope 
eau be worked, or lowering may be jHrrfbrmed by tteam on b; tlie brake. The oonstnictioik- 
thronghoiit is as li^bt and atrong as poasiU?, and bb ongiueB of thie kind freqaeotly have to be 
trassoorted great dislances, and oyer tbe ^vont possible toade, wronght iron is used where 
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practicable, experience haTJng fihown that similar parla (sucb as dninis, &c') rnade in cnst- 
iroQ frequently uiive nt their destinatioa broken, or en atach damaged sa to be Dlmost 



Fig. 18!>. (For prices see page IISO 



Vehtioal Dooblb-CKukder 


riBDIBB Ehoines, 


Fixed ob 


POBTABLB, PiR. 188. 


Nominal HP 


€ 8 


12 


16 


20 


24 


Diameter and oDmber o( cylinders 


^r 


— Jin. 


nr 


2—9 in. 


2-10 in 


2-11 in. 


Diameter of dnans. . . . . . 


3 ft. 6 in. 


4 ft. 6 in 


5 ft. 


6ft. 61n. 


Price 


£265 


£306 


£375 


£450 


£560 


£675 


Exira price for pumping crank aim 


£10 


£15 


£20 


£25 


£25 


£30 


£1S 


£20 


£25 


£25 


£30 


£35 


" ," trolley wheels '. '. 


£10 


£12 


£15 


£18 


£20 


£2S 


„ road wheels, lockiDgl 
pkte, and shafts J 


£15 


£20 


£25 


£30 


£35 


£40 


Ajiproiimate weight 


6 tons 


6) tons 


7* tons 


Otons 


lOJton* 


12 tons 




430c.ft. BOOf.ft. 60"0c, ft. 


950 c ft. 


llOOe.ft. 


1200 eft 



If coala are used oni! the feed water is tolerably free from imptirilifs. mulfitobular 
I ofi'er some adTantage in point of economy in the consumption of fuel, and ttie 
, .1 — 1 1.1.. r_^ ij^jjgg wuter tube boilers of equal power; but if wood fuel 



coet is about the t 
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is used, the plain cross tube boilers 
are K^Derally piet'eirod on accoaiit of 
the larj^ei fire baied. 

A very large number of t)ieBfi 
engines ore in coiistunt work in all 
pfirts of the worlil, ond are giving tlie 
most s^tisfuclor; results. 

XAcmirsBT FOE woBsnro 

IHCLIIIZS. When the empty trucks 
have to be hauled up and tbe loHded 
iraggong mn down, a very simple 
and QBual plan U, to liave a wheel 
fitte I with a number of forks, nrouud 
one half of the diameter of which s 
common chaiu posses, tbe eoda being 
attaebed to tbe waggons. Thia wbtc! 
is generally fitted on a vertical aKia, 
in some cases above the ground, and 
high enough fbr the waggoos to pass 
tinder it ; and in others below tbe 
ground, to admit of truoks passing 
over it. The wheel is controlled by 
a brake which is fixed on the same 
axis or oast to itj often two brakes 
are supplied, cither of them being 
sufficient to control the load, the 
dnplltnte being only used in cass of 
accident; tbe two broke levers are 
brought (ide by side. This arrange- 
mont is largely used for underground 
haulage. 

"rOWLBS'S" PATENT CLIP 
P0LLIT, shown in Figs. 190 to 192, 
is another method for working in- 
cliueB by a round steel wire tope; 
the latb:r gives an enlarged E«ction 
of the rim of tbe pnlley, iind shows 
clearly a pair of clips and tlie nipping 
actinn they have on the rope. Tliii 
inventimi has been most succesufully 
used for a great variety of purpoees 
other than that iniiii-ated above. It 
is invaluable fbr transmitting power 
to a distance over ravines, rivers, Ac., 
where intermediate supports cannot be 
obtained, lor hanling boats on rivers, 
Tor ferries, driving overhead travellers, 
&e. The nipping action on the rope 
is always over at least half the dia- 
meter ot tbe pulley, so that tbe we«- 
on tbe tape is almost nil, the nipping 
action ceasing immediately and anlo- 
mntically the moment the rope begins 
to diverge from the circumrerence. 



Diameter of dium 
Diameler of rope .. 
Working slniin on i 




PnictH OP Patent C 


LIP Dbumb. 








3'.0" 

ftoj" 


f.O" 

r'loi" 


5'.0" 

rtoif 


6'.0" 1 7-.0" 1 
f toll' rtoU" 


S'.O" 
■■lol]' 


S'.O" 

L"loli' 


10'. 6" 
H-lolf 


■ i 


1 li 


1—2 


2-3 :i-4 


4-6 


5-8 


6-10 


£25 


£35 


£50 


£60 £7S 


i-ao 


£125 


£1G0 



Tbe winches referred tn aa having been used on tbe Exhibition Buildings in Hyde Park, 
18S1, were without engine power, and were driven by a strap fnim a portable engine, and tbej 
were not fitted with the chain bortets inside the fiauics. 
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drawn up; ju tbis csae the 
clip dmiu must of murse be 
driven Trom some motor, b'jt 
in tho fumei, a. brake on the 
clip pulley axis ia all tlia: U 
necessary. 

These puUoys will work 
oitlier Iiomontallj or verti- 

DP PLzx flTEAK wunia 

WITH TWIIT DBUICS ABO 
TWO CHAIN BA£B£LB. The 

Viach illustrated liod to fulfil 
the same conditions as those 
naod in tljo erection of the 
columns and roofs of the Exhi- 
bition BuildlDgs of 1851 and 
1SG2, as well as the new 
Foreign Offices reeeatly com- 
pleted; but prollliQg by the 
experience gaiiieii on theworka 
above named, the Authors de- 
«gncd and constructed the 
apparatus under consideralion, 
tot lifting the girders and iroa 
work in the loof of tho St. 
Pancraa Midland Railway Ter- 
minua in London. The cn- 
grasing is from a photograph 
ivhicli shoivs a portion of the 
staging cmpioyod in the work. 
The apparatos is self.con- 
tained, and the two ontiide 
twin warping drums mn at 
the same speed; hut when 
these drums nte not in use, 
either of the two chain barreb 
between (or inside) t'le frames 
can be used in either single or 
double iiurohaae, nud oae may 
be lowering whilst llie other is 
lifting its load. This result 
is obtained by using friction 
clutches to take the power 
from the engine shaft to the 

Cirin^, admitting of great 
iJity of working and safety 
to the gearing, in conse<]ucnce 
of the load being gradtutllj 
put into motion. 

The c.vlindeTs ate on the 
onler side of one winch frame 
and at right angles with each 
otiicr, the slide jackets being 
inside, and one pair of eccen- 
tticswork the two link motions; 
both of the connecting-rods arc 
coupled to one cmnk pin in the 
large balanced disc-pkitevrhirh 
is keyed on tho engine ahafl. 
Two pinions on this shaft 
flanged up to the pilch line, 
are alwnys in gear ■with the 
large Epur irheete, and they 
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uc made fast OT loose to the engine ebaft bj friction clatcheii worked bj screws and tandnbeela' 
the double purcluise is teiken from two separate ahafCs, one for each biurei. The barrels are, as 
described ttbove, inside the fiitraes, and the sbafta nhich carry tbem are left long enough to take 
the two WBTpiiig drums for rope or ohain ; there is a connecting btir.or distance piece, witb suitable 
beariugs on the outer end of the shafts which carry the wsrpiog drums to disttibule the strain 
on the drums equally between the two shafts. Each barrel is fitted with a separate brake strap 
aud foot lever, and all tbe levers are brought close together to be witbin the control of tlie driver. 

These uiuches are usually constructed to lift a maximum lead of 3 tons direct from the 
barrel with a single chaio, hut they may be proportioned, and the Authors liave made Ihem 
to lift S tons or more witbont blocks : but as an almost uolimitcd length of rope may bie osed, 
and any amonot of "nip" obtained by the use of the Iwiu drums, it is perhaps preferable to 
use blocks for the heavy lifts instead of taking the power direct from the barrel. 

The fcteam is supplied from a vertical boiler similar to that illustrated and described In 
Sec. 1, which, in additiou to the usual furnace and steam fittincs, Las a steam feed pump, 
(see Bee. 3) snd is £ied on a wrought-iron fted water tank. The whole is mounted on a 
travelling platform wiih flanged wheels to run on a 4 rt. 8} in. gauge, and it serves two stages 
of the kind as shown in the engraving ; eIx tackles (three to eacfj sliiging) are carried to every 
part of the staging, and the platform can be moved in ritber direction by making a rope fiist on 
either side and passing it round the warping drums. The engine power is also used fir driving 
a punching and shearing and drilling machine, which are flscd on the travelling platform. 

The approximate cost uf the wincli and boiler, with fittings and connections for sleam supply 
and exhaust, is , £B0O 

Extra for wheels, axles, and ironwork for the platform £B0 

Or the travelling platform with winch, boiler and connection, complete . '. £3J0 
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BIXAK OAPnAIT, Fig. 196, \iat <\m[gnei\ fir nan at Hallo, and many nf einiilat patlerna 
kre io nsa at all tbe Dooke SiCd OoTemmeut Yards. The cupflan is of the Admirnltj pattera, 
and oan be thrown out of geat nlth the engiueB, dud manued by handipikes in tlie otdlDU]: 
way if it does Dot happen tu be conveoieiit to ran the eDgiarg, 

Tb« motor iu ttiiBCBre waa a ateam engine, the ateamo) linden being Sj-In. diameter by 10-in. 
■troke, with link-ieiening motiooa ; bat these capBtans are more frequently driven by a pair 
of hydraulic or walei euKinea where that power ia available. The gearing id single dtkI double 
purcbase, giving in the eingle purchase a pull of one Ion on the hawEer for light veesets, nnd 
in the double purcbnae a pull ot'i tons for veasela of greater tonnage; the engines and Ihe whole 
of the gearing are placed in a masonry pit covered by rheqnered foot plntea let in flush witU 
(be paving, which effectually protecta the mairhinery from injury and from the weather, and 
pioiides &e apace ajnund the cupstan necessary for handling tl« hawser. Two socket levon 
wurkiiig through slots in the foot phitea put the capstan in motion ; one being the reversing 
lever, and the other for changing the power or throning the oapslan entirely out of gear. 



Fig. 196. 

The vertical capatan apindle Ja of wrought iron, and the top step and other beatings are all 
of KUD metal. Ample proviaion is made for lubrication, the bearing aurfaces ere Isrge, and the 
machinery tbrongbout ia very strong and compact. 

The price of ihia cnpslan ready for filing is £265, and the weight la about G (onp. 

A similar form of capstan, but without the wooden welpa, ia much used in large goods 
depots for shunting and turnins; trucks on the turntables, aud a number of them are often 
driven from one steam or hydraulic engine by an underground shaft and geaiiug. 

BTFAH TBATZ&SEBS, Figa. 197 and 108. Theee traversers were deeigned and constructed 
for the Midland Bail^^By Compiuiy, for use on their coal sidings, and they have been found to 
do the work of ^vcnil horses with great economy in time aud in working expenses. 

The plttlform of the truvereer in this case rung on a pLiir of BUok rails ll-ft, gnuge which 
are til right angles to the sidings. The platform is constructed of three main wiougbt-itou 
girJera strongly braced together on the bottom flanges, and chequered plates are rivetted on the 
top flanges. It ia carried by three ailes and pairs of wheels, each axle having three karinga 
auspended froiD the main ginlers. Between two of the axles, and st right angles to the main 
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glrdcn of the platform, are the trough-shaped girders and rails on which the tracks are placed, 
those of course being exactly level with the sidings, and the ends almo&t butting against them ; 
the engines and boiler and travelling gear, also a vertical capstan driven by the engines, are 
fixed TOtween the other axles. 

The capstan is used for hauling the trucks on and off the traverser, and Fig. 197 shows a 
truck being hauled on. When it is on the traverser, as shown in Fig. 198, the travelling gear 
clutch is put on and the truck is traversed opposite to any siding; the tow rope is then hooked 
on to the back end of the truck, and it is hauled off by the capstan. The cap&tan is also used for 
shunting the trucks on the sidings in either direction by leading the tow rope around dummy 
heads which are fixed at convenient points between the various lines of rails. The same 
capstan is also used for swinging the turntables, &c. 

The longitudinal travelling speed of the traverser is about 150 ft. per minute, and one 
traverser hoB shunted 20 trucks carrying 225 tons of coals (nett weight) into the various sidiuiss 
in an hour ; but the duty is necessarily somewhat affected by the distance the sidings are apart. 
The cost of working averages about Is, per 100 tons moved, and the machine requires two men 
and a boy to work it. 



Power of traverser in tons 


14 


18 


30 


40 


Diameter of engines 


6J"xlO" 


7^X10" 


8"xl2" 


8"X12" 


Wlieel base of truck or engine 


9'fl;. 


9 ft. 


12 ft. 


14 ft. 


Price 


£550 


£600 


£750 


£900 


Price for housings 


£35 


£40 


£50 


£65 


Approximate weight in tons 


10 


12 


15 


20 



CAPSTAH WIKDLASS FOB STEAK or EANB FOWEB. The application of steam power 
to capstans, for heaving the anchors of steamers or large sailing ships, is now almost universal, 
and the methods employed are very varied : one of the best arrangements consists of an 
ordinary capstan fixed on the huricane deck driven by steam, or it can be manned in the usual 
manner in case of need. The vertical spindle of the capstan passes through the upper deck 
and works in a footstep fixed on the next or main deck ; on the same buse plate as the footstep 
is fitted a pair of cast-iron side frames, which carry the necessary gearing, and a pair of st( am 
cylinders for driving the windlass, motion being transmitted from the engine by bevel gear and 
worm and tangent wheel on the windlass axle. Two chain pulleys of firoper size to suit the 
cable are fitted on each side of this worm wheel, and one or both can be connected to it by 
friction contact ; each is provided with proper pawls and strap brakes, the engines can therefore 
be used either to work the chain cable, or to drive the capstan, or. the capstan can be used by 
hand whilst tiie engines are lifting the anchors. 

The advantage of this system is the easy manner in which the connections of the cable 
pulleys can be made by friction, so that if the ship surges heavily whilst heaving, the cable 
will slip to an extent suffit'ient to relieve both cable and windlass from excessive strain ; worm 
and tangent gear is the safest for this purpose, as no slipping back can take place, end at the 
same time great power is g.iined in a very limited space. The following azes are those 
generally in use, but any other size lan be made. 



Size of capstan windlass 


No. 1. 


No. 2. 


No. 3. 


Na4. 


1 

No. 5. 1 


„ chain cables 


2" to IJ" 


irtoir 


If to IJ" 


W'toir 


1 J" to IJ" 1 


Diameter of steam cylinders . . 


9Jin. 


8iin. 


8 in. 


7 in. 


6 in. 


Price, including pair of chain 1 
stoppers J 


£395 


£345 


£305 


£265 


£200 


Approximate weight in tons . . 


8 


7 


6 


5 


4 


„ measurements in c. ft. 


500 


440 


400 


350 


300 



The anchor and cable of a 2000-ton ship can be lifted at 4 to 5 fathoms per mintUe, or the 
whole operation of lifting nnd fishing the on(*hor is performed in less than twenty minutes. 
These capstan windlasses are made of three designs in each size as follows: — with vertcal 
engines and windlass between the hurricnne and main deck; with windlass on upper deck and 
horizontal engines bolted up under the deck ; with vertical engines, the whole of the machinery 
being on the same deck. The prices quoted are for either of ihe designs. 

The smaller class of steamers and sniling vessels have the windlass driven by a messenger 
chain from the steain winch, the windlass being in that case fitted with a spur wheel in place 
of the w^orm wheel above described, and a pinion and countershaft which is driven by tiie 
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mesBebger chain ; in aome ( 
winch vithont the rap: tan 
less than fur those quoted. 



Pbioks for Hanb-Powbr Capstans ,. 


s Vahiocb Tipes. 






Sizeofohains ., .. 'sfttolTj litoljl 


l'At«''i 


iltoi'i'ilu, ii[ iltoii 


l>,lof 












capstan, with 2 riding : £270 £1S0 


£150 


£130 * £115 






bitlH and 4 atoppen .. 1 












Price of plain single-deck 
























bitts and 4 stopperB .. ■ i 
Priofofdngle-dtokateiiiii 1 












capstan, vrith 2 riding £420 £285 


£230 










bitts and 4 Bloppen .. 













HAMO-POWIE WUrSLABB WITH EOCKUQ UTXB FITBOEABE WITHOVT CAPflTAX. 



Siie of nindlsM 

. „ meaaurement in cubic feet .. 


No. 1. 

£290 

4 

200 


No. 2. 
£250 


No. 3. 

£22S 

3 

180 


No. 1. 
£200 
2f 
160 


No 5. 

£175 

2 

130 



HAXFIBLD'S EAHD-FOWEB CAFBTAV AVD WIHDLABB, Fig. 199, is nspd on board th<r 
largest oceau-ROiog elesmers, and by Hei Hajexty's Oavemmeal, ^d is so well known that a 
detailed description is unnecessoiy. 
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lEtFB BTKAM HOIBT, Fig. 200 (I3b) and Fig. 201 (l3o). Tlio hoist. Fig. 200, has doable 
Bteom cylinders with I'li k reversiug gear, which are flxeit 1o a vertioul boiler. 

The lifting gear is single purchase, and U fitted wilh chain barrel, too capstan ends, chain 
wheels for messenger chains, and liaod shaft; the whole being mounted ou a wronght-ir.m 
water lank witli low trolley wheels, tlie decks are protected fiora injury by heat and the ashes 
trom the fornace. The hoist, Fig. 201, hu the sime engines, &c, as are above described, and 



Fig. 200. 

ie fitted with a dooble-aclion pump, wLieb can be used foi pninping the bilge and weabinfr 
deoks, or as a fire-engine, also fgr circulating the water in me distilling apparatus which is 
ahowD. I'his is a most compact and efficient arrangement, and cnptains who have hud the 
apparatus fitted on board have found that the loCat cost has been earned in the first voyage, in 
addition to the large saving in space and dead weight which is effected in ships currying a 
&esh-water distilling apparatus, as by ibe order Gazetted Deo. dtb, 1875, passenger ships 
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carrying such an npparattis may e&U with one lialf the qoanlity of l^efh water which la 
required under the Passcngere Act. 

Tbe pump cao, with the attention of one man, do eanlinaoatly aa much work aa the whole 
of the crew, and it ia invaluable as a meaug of saying life aai property in case of leaka or Are. 
The cnpHlau can be used for setting sail, warping in end out of dock, &o,, thus considerably 
reducing the labour and tbe number of hands reqaireil in these operations. 



Fig- 201. 
Pbccm of Steah Hoist, Figs. SOU and 201. wit 
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Nominal H.P. .. 


s 


^ 


6 


G 


8 


8 


12 


No. and diam. of eyiind. 


l-5i" 


l-6i" 


I-7i" 


2-5i" 


1-9" 


2-6i" 


2-71" 


Price, as Fig. ZOl 


£160 


£180 


£220 


£230 


£210 


£275 


£345 


Size of pump 


3"x0" 


3"x9" 


4"xl2" 


4"X12" 


5"xl2" 


5"xl2" 


6"X 12" 


Price of pump and gear 


£20 


£20 


£32 


£22 


£30 


£30 


£35 


Capacity of distillins ap-\ 
paiatOB per hour ..j 
Price of ditto .. 


15 gal. 


25 gal. 


2.igai. 


25 gal. 


40 gal. 


40 gal. 


50 gal. 


£36 


£36 


£.i4 


£54 


£72 


£72 


£00 


AK)roi. space in feet .. 


5.6x5.0 


6.0x50 


6.6x5.6 


6.6x5.6 


7.0x6.0 


7.0x6.0 


80x6.6 


„ weight in tone 


2f 


3 


3* 


Si 


4i 


ii 


5 




ISO 


200 


250 


280 


360 


3H0 


450 
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STEAM-POWER WUTCHES. The engravings, Figs. 202 to 207, are examples of Steam 
Winches, for use on ships* decks, hoisting, pile-driving, &c., under various conditions. The 
first four are specially designed for ships' use, although they are employed for many other 
purposes. Fig. 202 is engraved from a photograph of a 5-ton winch, and is fitted with two steam 
cylinders, 8" diameter x 10" stroke, placed diagonally on the side frames to ensure a length of 
connecting-rod proportionate to the stroke. Winches of this kind are too often made witli very 
short connecting-rods, and the result is a jerky motion on passing over the centres, and 
unnecessary wear and tear. The cylinders are bolted on the outside of the frames, and the 
slide jackets are on the insides, the steam ports being cast through the side frames to coincide 
with the ports in the cylinders; the pistons are fitted with metallic rings, steel piston and 
valve rods, gunmetal bushed glands, wrought-iron connecting-rods, marine-pattern gunmetal 
head at the crank-pin ends, and the solid ends at the crosshead ends are also fitted witli 
adjustable gunmetal bearings; the disc plates are turned bright and balanced; the valves are 
worked by an improved link motion, with case-hardened blocks and pins and gunmetal 
eccentric straps. 

The lifting gear is single and double purchase, and a separate hand-shaft is provided which 
can also be worked in single or double purchase. All the three high-speed shafts are fitted with 
heavy gunmetal bearings, loose caps, and lock nuts. The gear throughout is of extra width 
and strength, to withstand the rough usage to which these machines are subject. The large 
spur wheel is keyed directly on the chain barrel, and a brake ring is cast to it as large as can 
be got ; it is turned on the face, and fitted with wood-lined strap and foot lever, with a pawl on 
the lever. The chain barrel takes a great length of chain, and is quite clear of any other parts 
of the winch, so that a fair lead may be obtained. 

The barrel shaft is fitted with double warping ends, and messenger chain wheels for warping 
in dock, hoisting sails, &c., and the chain wheels are used for driving the windlass or 
pumps. 

This winch can also be fitted with a pair of gunmetal barrel pumps on the same base plate. 
The pumps are driven from the second motion snaft, and the whole forms a very neat and useful 
arrangement. If a suction plate is added, the pumps can be connected with the various com- 
partments of the ship, or be used as a powerful fire engine. 

Fig. 203 is engraved from a winch of 3-ton power, and is not fitted with link motions, but 
lowers by break only. This is a cheaper arrangement, but is not recommended, because it is 
often essential to lower carefully by power, and in this case the link motion possesses matiy 
advantages ; the double-purchase shaft serves for working by hand in the single purchase 
only ; in other, respects it is very similar to Fig. 204, excepting as regards proportion. 

Fig. 204, ships winch of 2- ton power. The guides to the piston are cast to the steam 
cylinders, and bored out at the same time as the cylinder, ensuring perfect coincidence with 
the axis of the cylinder. This arrangement has been recently adopted, and the same kind of 
guides are now used for the winches Figs. 202 and 203. 

Fig. 205 is a single-purchase winch, with one cylinder 6J" diameter x 9" stroke, link motion, 
and single capstan end, interchangeable for fixing on either the engine shaft or the baiTel 
shaft. With 45 lbs. of steam this winch lifts one ton, and is very useful for river craft or small 
vessels. Fig. 206 is the same winch fitted with double cylinders ; and Fig. 207 is a double- 
cylinder winch of this pattern, with a vertical boiler connected up to it, and fitted with all the 
usual mountings, including steam donkey feed pump, and dead-weighted safety valve. This 
form of winch has also been employed for pile-driving, and is well adapted for that purpose (see 
Section 5). The small brake and clutch on the end of the barrel is specially for this purpose, and 
would not be required for ships or general use. 



Prices op Steam Winches, Figs. 202 to 204. 



Power of winch in tons 

Number and diameter of cylinders 

Price of crab, Fig. 204, without^ 

link motions or third shaft . . / 
Price of winch, as Fig. 203, with 'I 

link motion and extra hand shaft/ 
Number and diameter of pumps . . 
Price extra, if fitted with pumps . . 
Approximate weight incwts. 

measurement altogether 



») 



2 


3 


1 

4 


5 


2—5" X 9" 


2 6"xl0" 


2— 7"xl0'' 


2-8" x 10" 


£70 


£80 


£95 


£105 


£80 


£95 


£105 


£120 


2—4" 


2-4" 


2-5" 


2—6" 


£35 


£:;5 


£45 


£r.5 


30 


35 


40 


45 


100 


130 


150 


175 



The measurement is considerably reduced if the winches are taken to pieces for shipment ; 
but what is saved in freight may probably be expended in the cost of erection at destination. 
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Fig. 206. 
Fbices of Steam Winchki, FigB. 205 and 207. 



n 


2 




2-(il" 






£SS 


£00 


36 


*5 


150 


180 



Power ot Kind 1 in tons 
Number oF cylindera nnd difunctcr 
Ftico nitliout link motLiiiiB.. 
Price with link motions 
Approiimale iveight in cwta. 

■ n cubic ft. 



The cost of boileiB oomplete widi all furoace itnd steam fltt 
For one single-cjiindcr wincb 
For one 2-t«n doable-ciUnder winch 
For two 2-ton ditio ditto 

For ones-ton - ditto ditto, or I 

For two 3-lon ditto ditto J 

For further detnils and prices of boiloi-s of otlicr sizes, see pages 55 la64, Section 1. 
The cost of a steam donkey pump fitted to the boilers is from £10 to £15. 
For use on board ship the i>oilor is often fixed oa a wrought-iron tank, which contains the 
feed water and protects the deck. The extra cost of this is £12 to £18, according (o tlio size of 
the bailer. 

One of the wioohea ia sometimes required to be fitted with a boiler feed pomp in addition to 
the donkey ; and this can he done at a coat of £10, 

The cost or filing these winrhee necossarily varies with the dimensions of the ship and tbo 
relative positions of (his winches and boiler, and also whether the oouneotions ore if iron or 
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eoppet (c<^per ia geuer^Qly used in aUpa of the best class); the length of chitnne;, size of vatei 
tank, cost of delivery, trsvollmg expenses. &c., must nlso be cimsidered ; but many pairs of the 
3-ton Tvinohea have been fixed bv the authors, and the cost, iacladiag extra length of boiler 
chimney, copper pipe^ with flanged coDOcctions, main atop valve and cock to each wiscb, and the 
wages and espeuses of one wan, has asualiy been about £45 to £50 per pair. 



00AL-WHIPPI1I& WnXCHZB. A special destgu is adopted for this wotk. The ejlindera 

act directly on to the barrel, iind on up-and-down rope ia used : the engine and bailer are made 
separate, and are as light as possible, so that they can be taken in a boat alongside a sailing 
ship, and readily hoisted on bi»rd by the ship's tackle. 

In some caus the whole of the winches required to work the cargo in' and out of the ship are 
driven Irom one engine placed amidships by means of a high-speed cord carried along the deck, 
and protected by wood casings ; but the results obtained do not show much economy either in 
first cost or in working expenses. 

A small set of hydraulic machinery wonll probably meet the case in a much more perfect 
manner than the system above mentioned ; and for vessels of great tonnage the same plant could 
be need for woikiiig the cranes, windlass, hydraulic steering gear, &c The accumulator would 
be small, and weighted by steam instead of by the ordinary weight case. 

But perhaps the most perfect and convenient arrangement would he to work the winches and 
other appliances leferred to by compreaaed air, which gives off no t^our in exhausting into the 
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atmosphere, and which can be carried in pipes below the deck. This is scarcely admissible with 
steam pipes, because a slight leak woiild (and, indeed, has) caused very heavy loss to the 
owners. 

A boiler and engine, with an air-compressing apparatus, would be fixed in any convenient 
position, aud the air, compressed to about 40 lbs. per square inch, would be conducted in pipes 
in exactly the Eame way as if steam were used. The air-compressing machinery would some- 
times render invaluable service in forcing fresh air into places which are inaccessible to any 
other means of ventilation, and the heat, moisture, and smell caused wherever a steam winch is 
worked would be avoided, the whole of these inconveniences being localised to where the 
engine and boiler are fixed. 

STEAH STEEBIHO OEAB. The application of steam power to steering vessels of great 
burden, especially the largest class of ocean-going steamers, is now considered almost essential, 
not only with a view of relieving the men from a most arduous part of their duty, but also for 
facilitating the handling of ships under critical circumstances in a manner which would be 
impossible with the slower operation of steering by manual power. 

A pair of steam cylinders of suitable diameter are placed at an angle of 90° to each other on 
one of the side frames. Between the side frames is a phuin wheel, over which a Chain passes, 
guided by pulleys and connected to the rudder, the steam gear being usually placed amidships, 
on the main deck, and tiie steering wheel fixed on the top of the deck house or bridge : this 
wheel is connected by a light shaft and suitable toothed wheels to the eccentrics and valve gear 
on the crank shaft, and as the wheel is moved (which requires very little effort) on the bridge in 
either direction, the eccentrics are moved on the crank shaft, and the engines immediately 
move in unison, bringing the rudder up to any desired point. When the wheel is released the 
rudder comes back to its central position. In some cases a daplicate wheel is fitted on the 
main deck in addition to that on the upper deck, so that the steering gear can be worked from 
either position. Steam-steering gear is usually fitted to work by hand or by steam power at 
pleasure. 



Gear for steamer of tons burden .. 

Price with wheel and indicator at engine only . . 
„ „ „ on bridge only . > 

„ „ „ at engine and on bridge 

Price extra with hand-steering gear in addition to the steam . . 

Approximate weight in tons 

measurement in cubic ft .. 



>» 



1000 


1500 


2000 


3000 


£150 


£185 


£235 


£290 


£160 


£195 


£245 


£300 


£170 


£205 


£255 


£310 


£30 


£35 


£40 


£45 


2 


2i 


2* 


3 


100 


125 


150 


200 



C0HTRACT0B8* and BTTIIiBEBS' STEAM HOIST, Fig. 208. The general construction of 
this machine is practically the same as Figs. 188 and 189 ; the chief difference being that an 
ordinary chain-barrel is substituted for the winding drum which is required for wire rope. The 
framing is of rivetted wrought iron, or ci.annel bars welded up at the comers, and the part 
under the boiler is plated top and bottom to form a water tank. This form of engine is very 
largely used instead of horses for hoisting barrows with an up and down chain on the banrel ; 
the travelling wheels are plain or flanged, and they can be made to run at right angles with the 
engine shaft in th'^ same way as is shown in Fig. 210, a cranked swivelling axle being used for 
each wheel; this is often extremely handy for moving along a jetty or pier, or for use on the 
top of an excavation. 

The following data was obtained fiom the working of a number of these hoists used in the 
construction of the Thames Embankment: — The work to be done was Titling barrows containing 
the excavated materials a height of about 35 ft., and lowering an empty barrow at the same 
time as the full one was lifted. This was accomplished by a chain nttiMched to each end of tl e 
chain-barrol, so that whilst one chain was being coiled on the barrel the other was un-coiling ; 
each of these chains was led over a rubbish wheel suspended from a pair of le^ steadied by 
guy ropes, but having sufficient play to allow the barrows to bear lightly against the guide 
planks in ascending, and when at the top the barrows were easily landed on the stage by slightly 
pulling over the legs. 

In this instance, as in many others, the space available was so limited that it would have 
been almost impossible to employ horse runs to have done the same work. £ach hoist could 
easily make 30 to 40 lifts per hour, and the average working expenses extending over several 
months, including all charges, was but 4s. Gd, per day, which shows very great economy f^^ei 
the old plan of working with horses. 
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When employed for hoisting bvUding materiaU, the engine ia usually put down in a central 
position, and tlie chains or ropes are carried away in opposite directions to the two extreme 
ends of the works, and there lioista the bricks, mortar, &c., in batrows on to the Bcaffolds, along 
which tliey are wheeled to serve the bricklayers. These hoists have been used by the oou- 



tractori for the erection of many of the large buildings in London ; amongst which may be 
tnentiooed the Inns of Cotut Hutcl, Grosreiior Mansions. Broad Street Station, Lotiilon and 
Cliatham Goods Depot, &c. At the Inns of Court Hotel (he engine also drove a small mortar 
mill : apart frum the great saving in space and in horaes, the men employed are kept well 
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serred nnd get through more work thftn Then the enpply Is intermlltent ; the pTofila from this 
source alone ore estimated to bave amounled on a Inrge bailding to nboat £20 per wee^. The 
hoist. Fig. 208, has a qaiek speed of lifting gear only, but thej are ueually made with two 
apeede ; one for work ot tlie natiue indicated above, and a slow speed for hoisting columns' ttod 
Orders, timberg, stones, Ac. ,- tho weight lifted direct tram the bnrrel la about 15 cwt., and for 
heavier loads blocks and fails are ua^d. The size employed for lining barrowB is S-horae power 
oominal, but they are made up to 12-horBe power, and with single or doable oyliDdera. The 
ends of the shafta are extended, so that a capstan, a pump arm or pulley may be fitted for 
transmitting power for other pntpoaet, and each engine has reversing gear and all the naual 
appliancea. 



DOUBIS-CYLIKSEB HOIST, Fig. 209. The amalleit size is 6-horBe power; the engines 
can be fitted wilh double-purchsse gearing for lifting weights up to 3 tons direct from the barrel. 

Many lioists of tho tdnd shown in Fig. 200 have been made for railwaya, docks, and 
harbours in this country and abroad, with wroj^ht-iron aide frames made from boiler plate 
strengthened with angle irons bent round and rivetteii to tbe edges, the various shafts being 
carried in bosses rivetted to tho siile plates; this is a very good construction, but the cost i> 
about 10 per cent, tiigher than is given in the subjoined list of priciia; — 
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Priceb of Steau Hoists, Figa. 208 and 209. 








Howe-power 3 

No.aiirdiameterofcjlmderfl .. [l-SJ" 


4 


6 


8 


12 


6 


8 


12 


i-ej' 


I— 7i' 


1-9" 


1—11" 


2— 5i'' 


2-6i' 


2-7i" 


Price, without wheels or reveraingl' i 


£ 


£ 




£ 


£ 


£ 


£ 


geBT / ISO 

Price extra with reversing Rear- | 5 


180 


21U 


230 


300 


220 


270 


340 


6 


8 


10 


12 


15 


20 


25 


Price extra for plain or flangedl c 
■whMh with fixtdaxJo).. ..I "' 


5 


6 


8 


10 


6 


8 


10 


Price extra for road whi-els, lock-)' ,^ 
ing plale, and ahatlB .. ..f 


10 


15 


20 


25 


15 


10 


25 


Price extra for felting, lagging 1 - 
and casing boiler .. ../ ^ 


10 


12 


15 


18 


12 


15 


18 


Packing for Bhipment .. .. 5 


6 




8 


10 


7 


3 


10 




^ 


'a 


6J 


7i 


5 


C| 


7i 


„ measurement 
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THE HOIBTINO EHSIHE, Fig. 210, ia capable of being Tieed for the Bame jinrpoBea m 
Fig. 208, but the engines are the inverted- cylinder type, and of the same design as are uBSd to 
largely for amall stpam laimehea and yachts, and are quite independent of the boiler. TIjie 
<N)QBtructian is undoublediy supcrioi to that in Figs. 208 and 209, although in practice little or 
no trouble is experienced troin the expansioa of the Iioiler if the valves are set while steam is np, 
but it is better adapted for running at very high speeds, and Ihe purpose (pile driving;) Ibr 
which the engines were originally designed demands almost an eicessive speed. Tlie system 
referred to, is that employed in Hollanil, and is explained in Section 4. The wheels 
have orank axles for rnnuing at tight angles relatively with the crank shaft as mentioned 
p. 135 ; also the end of the hoisting barrel is fitted wilb an improved fotm of friction cluteb 
which is not necessary for geneml work : bat is invalnable fur pile driving or well boring. 
Two sizes of engines ate nuide, the smaller size has two ^in. cylinders, aiul the larger two 
6-iD. cyliodeis, and the prices ate £220 and £265 respectiTsly. 

mHBT DBIVXir BT POWES, Fig. 211. This is used for exaoH; the same description of 
wrrk as the hoists. Figs. 208 and 209, but it is driven by any motive power, uaunlly an ordinaty 
portable engine, either direct from the crank shaft, or a number of them can be driven fiom a 
line of shafting fixed temporarily, the same motor and shaft beinf( used for driving mortar pans, 
a saw bench, pump, or other machinery. 

The hoist occupies a ground space of about 4 ft.xS ft.; the gearing is ungle and double 
purchase, and is mounted on a stiff cast-iron base plate, the principal shafts baviug gun-metal 



Fig. 211. 

I>earingB wifh loose caps, and lock nuts. The driving pulley can be placed as shown, or on the 
axis parellel with the battel ; this is a great advantage when the space in which the hoist uid 
engine have to be placed is limited, because they can be in line or at right angles to each other. 
The hoist is stopped or put in motion by one lever only which actuates a pair of oone friction 
clutches, the pulley shaft being driven continuously in one direction, and the brake is worked 
by a foot lever directly below tue starting and cevetsing lever. 

THE HOm DBIVEM BT FOWEE, Fig. 212. is adapted for precisely the same duty « 
Fig. 211, but la of cheaper coDstrnction. A pair of cast-iron plates are bolted to a timbei 
frame, an<) the various bosses bored out to receive the shafts ; the reversing motion is obtained 
by using cross and open driving straps instead of friction clutches and mitre wheels. This hoist 
can only t>e driven in a direct line from the engine, and is not fitted with bmas l>eariDgs. Tiie 
iioista. Figs. 211 and 212, sre proportioned to lift 10 owt, at a high speed, or up to 20 ewt. in 
the double purchase at a tlower speed direct &om the barrel, and when required for loads 
above this limit, blocks are used, the end of the chain or rnpe fall being attached to the barrel. 
The usual practice is to have two chains on the barrel at one lime as explained at p. 13.5, and 
to ns^ them dining the ordinary working hours, lor hoisting the bricks, mortar, timber and 
light materinls, and after the ordinary hours i,ot until an ample supply of iLatoiials baa been 
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to lift end aot i: 



Prica of hoist. Fig. 211 . 

Weigljt 

Meoitireiiient ., 

Price of hoist Fig. 212 . 

Weight 

Measurement „ 

Extra for ospstan to either 



Fig. 212. 

BQUDEB'B HOIBTB. a veiy usefol hand-power builder's lioist is that invented liy Messrs. 
Collins and Slanburj. This consists of a pair of light endless pitch chains working over a 
eoitablo palley driven b; a wheel and pinion, with a fly-wheel on the handle shaft. The wholo 
1b mounted on a light iron frame, and the method of using this apparatus is to run up a light 
vetlical framing of ordinary scaffold poles equal to the height of the intended building, the 
gearing being fixed at the top; the chains reach within about 2 ft. of tho ground, and a 
man is stationed on the top who keeps the chains constantly in motion ; the bods of bricks or 
mortar are hooked on below and sra t^on off at any desired hi'ight as the building piogresscs, 
ond the empty liodi are hooked on to the descending side of the chnin. 

Another very escellent lftbom--flaving machine, much used on the Continent, especially in 
France and Belgium, for erecting large stone buildings, consists of a wood fi-aming very similar 
to a pile-driver framing, mounted on flanged wheels, and travelling on a pair of rails of about 
10 ft. gauge, which is laid parallel to the front: of the building in course of constiuction. The 
inner rail is laid about S ft, from the front, and is carried somewhat higher than the lop of the 
boililiug. A small portable engine, fixed on the base of the frame, transmits motion to suitable 
gearing for moving the frame on the rails, lifting the stones from the drays and (if alreodj 
dressed when broujiht to the works) directly on the walls of thu building. The facility and 
speed with which the various operations are performed, and the saving of a heavy and costly 
timber scaiToldiog of sufficient strength to carry heavy blocks, or a traveller, renders this 
machine worth the attention of builders and contractors in this country. The framing is 
bolted together, so that removal and re^rectioD are not difficult operationa. 
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Pig. 213. 
HUB-HWEB WnCE. Fig. 213 is ea^reTed from a photograph of ths treblo-pTiTohaBa 
winohes or ciabs, deeigTied by the Authors, and oonstmcted for H.M. Government for moving 
the 81-toD gun into posilinn at the proof butts at Woolnich and at Shoeburyneas. The whole 
of the gearing is of the strongest torm end proportionB ; the diameter of tbe ehutta is increased 
where ute wheels and pinions are he;ed on, tUe fiill section of the ^hnfte being thus preserved ; 
the bearinji's throughout are of ample length, and are bushed with gun metat 1 tbe pawl and 

Kwl wheel are of wrought iron, tha pawl wheel being keyed on to the third motion abnlt; tbe 
^k wheel ia cast to the third motion spur wheel, and is lined with wood and £tted witli 
wronght-iron lever. The whole of the pinions, where possible, are flanged up to the points o( 
the teeth. The large spur wlioel ia keyed direct on to the barrel, so aa to relievo the barrel 
abaft from any torsional strain ; the hand shaft is fitted with pawl for moving the shaH from 
double to treble piirchB^. The wrou^ht-iron handles are fitted with loofe brass quills, and 
mode of a considerable leaglh. sn that four men caa work at each bandle. The bottom stays at 
each comer of the orab framing are fitted with heavy wrought-iioa sbsokles, which are need 
for holding down the crab, or for attaching a snatch block when a lead other than from the 
barrel is required. These winches are calculated to lift 5 tons direct from the barrel, but there 
is a Tery large margin of safety- With double sheave blocks and fall, 2S tons may be lifted, or 
with 2 and 3 sheave blocks, 30 tons. The weight of each crab ia 3 tons. Tbe price is 
£70, or with shackles, £75. 

Much Lirgcr hand-power crabs tlian that illustrated and described above, have been 
constructed by the Authors, and when the size and power exceed thst of the 5-ton crab, it is 
usual to make il with entirely double sets of gear and spur wheels at each end of the baricl : 
by tliia means two baud shafts are obtained with a considerable distance between them, 
admitting of double tbe number of men being employed without any crowding at the handles, 
also the strain on tbe wheels and shalts is divided between two sets of gearing. The framing of 
the crab in this case is more rectangular in &jrm, but the style of work throughout is similar to 
that above described. 

A large number of craba of this type are in use in the various Government EatablisbmentB. 

THB EABD WmCH, Fig. 214, waa also constructed fur H.M. Government (War Department). 

The general design is the same as Fig. 213 ; but it is only proportioned to lift loads of .t tons 

direct from the barrel, or 15 tons witli i and 3.Bhoave blocks and falls. Tbe gear is single and 

double purcbaee, and the handle shaft is fitted with loose and fast pulleys for power. One of 



149 APPLEBY'S HANDBOOK OF MACHINERY. 

theae crabe ifbb plnoed on a luge barge which wm naed u a floating aheara for laying the 
oonciete blooka requind in the norke which weie so mcoewtnll; competed, &om the deaigaa 
and under the aupenntendenoa of Bir Charles Uattley, at the Bulioa month of the Dannbe, in 
MOOTdanbO vith tlie ptovifiCDB of the Treaty of Faria (1836). 



EAint WniOE, Fig. 215, differe slightly in conatniction ttom Fig. 213, aud is oalonlated to 
lift two tons direct from the banel. A htge uutuber of theae craba hkve been anpplied to the 
Tariou departnenta of H.H. and other GoTeromenta, and to many Bailwaya and Dock 

Oompaniea at home and abroad. 



In cslenlatiuK the powen given in the following Tables, it has been aaaumed that 2 and 
8 aheave blocks and falls will as uaual bo employed ; and it' toe lead ia taken direct from the 
banel, the power giTen in the Tables should be divided by S. The teault will be the weight 
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for whtch the onbs may be used wiUi safetj with a linde h^ or ohain. The whal< 
im(» ore ptoportioiKd to lift the maxinmni loadi with 25lba. per man at the haa<lle& 
Puoaa ef Crab*, Figg. 214 and 215. 



Vonet of crab in tons 


5 


10 


15 


20 


PriceoTcrab 


£25 


£35 


£48 


£60 


Price extm if mth bnu» bearings . . 


£3 


£4 10 


£7 


£9 


Price Bitm witb pulley 


£4 


£5 


£6 


£7 


Price eitra with capatiin, each 


£10 


£15 


£1 10 


£1 15 


Weiglit in cwts. 


16 


22 


28 


35 


Measurement in cubic feet .. 


65 


80 


100 


125 



HJUID wmOH, Fig, 216, is (or crabs of moderate power, the weights aud prices of which 
luBt be kept as low as possible ; this Is effected by making Ihe barrel shorter aud correspond- 
nglf reduoiDg the lengths of all the shafts and stays, ana by msJiiDg the side frnmes smaller 



I iu Fig. 215, which cover the largest spar wheel and protect it from breakage. 
ere end strength of tiie gear are in the same proportion as Fig. 213, and where a g 





Fig. 21 C. 








PniCES of Cbaes, Fig. 21C. 








3 


5 


10 


15 


Priceofcmb 


£10 15 


£13 10 


£22 


£32 10 


Price extra for bras* bearings 


£1 12 


£1 15 


£2 


£2 10 


., capstan ends, each .. 


£0 10 








Weights in cwts. 


•5i 


81 




211 


1 
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HAKD THIOHXS with WEOirOHT-IBOK FBAXE8. Figs. 217 uid 21S ftre Bingis 

and doable-purchDse ornbs; ihe Nde frames are cooBtructed of vrougbt-JKOi plateis Bttfiened 

by angle irons, vhich 

are welded up nnd 
livetted to the edges 
of tba frames ; the 
journals are cniried in 
£troDg caBt-iioD bosses 
rivetted to tbe plates. 
The gearing is of the 
same propbrtion as Uiat 
used in the orabs of cor- 
responding power with 
cast-iron sides. 

The winches shown 
were made to specifi- 
eation for tbe Oude 
a]id Botiilkund ItaJI- 
woy Compnny, and tlie 
bniea weie outide of 
L the frames, bat it is 
^l^nernllj preferable to 
^ cust the brabe to the 
i~ large spur wheel, which, 
being inside the frame, 
is proleeled from break- 
age by TOagb handling. 
In many plaooj where 
rig. 217. repairs cannot be ef- 
fected the flrst cost of 
a rrab is of little im- 
portance provided that 
it cannot be broken t^ 
Tongh usage; in suea 
cases tbe wheels are 
rande cf malleable iron, 
miehine moulded. The 
cout ia uecessarilj 
higher, but tbe extra 
outlay may perhaps 
guard against the a.*- 
cidenta which so fre- 
quently happen to this 
kind of machinery. 

Steel wheels and 
pinions are also used 
where tbe first consi- 
derations are to reduce 
the weight for trans- 
port and lo insure im- 
munity from breab^e. 
4 Tlie coat of liiese 

i crabs with steel or mal- 

leable cast-iron ^^heel9 
is abaut 25 per cent 
aliove the prices ia the 
subjcnned list. 
Fig. 218. 
Prices or weouOBT-IBOH Fdahb Cbabs, Figs. 217 and 21S. 





1 


2 


H 


4 


5 


10 ' 


Singleordoublepurohaao- 


Single. 


Double. 


Double. 


Double. 


Dodble. 


Double. 






£12 


£14 










5 


G 


7 


8 


9 ■ 


12 1 




" 


30 


35 


40 


45 


60 , 



BUght 

ndles: 
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IIGET HUID WniOBEB, Figa. 21Q and 220. Fig. 219 is e. light double-purcliaao grab, or 
Trinob, for bnilden' and huuodb' work, irlitira Bmall Icoda are reqoiied to be lilted b^ one mau, 

and being light it is easily 
moved from place to place. 

The side framea are of 
eoDsidenible tptrengtli, tbe 
flanges being doable and of 
agiMddepth; the jouiaaU 
are of ample length accu- 
rately bored out iu poaition, 
and the iibafu are turned 
throughout. The brake 
wheel is tumeil on the face^ 
and the brake strap ia lined 
with wood ; the pawl wheel 
is cast to the end of the 
barrel and fitted with 
ht-iion {Ktwl ; two 
ts sie supplied. 

Fig. 220 ia similar in 
desisn, but is fitted with 
single-pniohase gear and a 
fiy-wlieel. 

If the crab is required to 
work wllh a crane jib, as 
■hewn in Fig. 133 p. 47, for 
high lifts, the momentum 
giren by tlie flj- wheel 
grtatly assists the atten- 
dant, both in tbe aiLOunt 
of work perfoimed and in 
the time occupied. , 

The side frames are quite 
equal in strength and size 
to th e doub le- purchase crab, 
Fig. 219, the same height 
to the turning ceutrn being 
nccesBsry for a light and 
nnglc-purchase crab aa for 
heavier aud more powerful 
crabs; tliis is a point which 
ia frequently lust sight of, 
andmany small power crabs 
are mode which are only 
about 18 ins. from base to 
tbe turning point, instead 
of being 36 ins,, and the 
importance of making lift- 
ing machinery as handy as 
possible is thus sacrificed 
in the endeavour to aave a 
few sbillings in first coat. 



Price of 2-ton double-pnrchase crab. Fig. 219 £7 10 

„ extra, if fitted with Kun-metal bushes I £1 12 

„ „ „ fly-wheel £2 

Approximate weight, without fly-wheel, in ewta. 5 

measurement in cubic feet .. .. .. .. ,. .. 28 



Price of 1-ton single-purchaae crab, Fig. 220 
g,„ extra tor gun-metal buahea in hand sbaft .. 

„ „ „ fly-wheel, aa shown 
Approtiuutle weight, without fly-wheel, in cwta. 
„ measurement iu cubic feet ■• 
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Fig. 221. 



Fig. 222. 



Fig. 223. 



Pig. 224. 



FDUST BLOCKS, Figs. 221 to 224 are of the kind knoint as the " London pattent," and 
we rnnde of Iho best scrap iron witli a strong and well-proportioned hook and tuiued cast- 
iron BheftveB. 

If gun-metal Bbcavea aie substituted for the usual cast-iron sheBrea, the prtoea giiren below 
will be inoreased 30 to 50 per cent. In ordering pulley blocks, it ia advi«able to stato whether 
tliejr are required for ropes or for chains 



The FUIIZT BLOCKS, Fig. 22S. ore of great Btiength, and a 
adapted for lifting heavj guns, or other gnat weighla. The sheaves a 
made extra Mide, and the prices are : — 



Price 1 sheave 



9" 
15 

is; 


12" 
20 


12" 
25 


18" 
31 


^4 

15fi/ 
192/ 


168/ 
204/ 


144/ 

192/ 
210/ 



Diameter of pulley 


. 3" 


4i" 


6" 


-„ 


8" 


0" 


10" 




. 2/6 


3/ 




4/fi 


B/ 


7 /a 


m 


Diamet-r.-f pulley 


. 11" 








18" 








- 12/ 


IS/C 


14/6 


1'/ 


la/ 


22/ 


24/ 



TaBLS fob OAI£DLATraa TBB BlZBS A 



t Ptlliv Blocks. 



Diameter of sheave 
WidtlM.ft.'r.iove ,. 
Each blieave to lift, twts. 



7" 8" 9" ' 10" 12" 
,j„ ,j„ ij„ 2„ 2 ,. 

18 I 27 35 48 75 
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To ascertain tlie size and number of sheaves required to lift a given weight, divide the 
weight to be lifted by any weight in the above Table ; the result wiU give the number of 
sheaves and sizes of blocks required. 

Example. — If 60 cwt. is to be lifted, either of the following 
combinations will be suitable : — 

A pair of 3 and 3 sheaves, | in. at 10 cwt. per sheave or\ ^^ ^ 
„ 2 „ 3 „ 1 „ 12 „ |6Ccw.. 

Note. — The powers given above aie approximately correct ; but a 
sufficient margin should always be allowed. 

DIFFESENTIAL PULLEY BLOCKS (Weston's). 




Fig. 227 . 



Tested to . . 

Price of blocks per set 

If fitted with Bpocket wheel 

Bright chain per foot 

Tested to . . 

Price of blocks ppr set 

If fitted with spocket wheel 

Bright chain per foot 



5 cwt. 
12/6 

• • 

/6 



10 cwt. 12 cwt. 20 cwt. 
20/ 20/ 80/ 



/6 n 



30 cwt. 40 cwt. 60 cwt. 

40/ 5 •/ 10.»/ 

70/ 110/ 

,/10 /U 1/1 



80 cwt. 

120/ 

135/ 

1/3 




Weston's Blocks with Tangte's Patent Geab, Fig. 227. 

Tested to .. .. 4 tons 5 tons 6 t<»ns 8 tons 10 tons 

Price of blocks per set 135/ 200/ 240/ 320/ 400/ 

Bright chain per foot .. 1/3 1/6 2/4 3/ 3/6 



PATENT HAKD HOIST (Moore and Head's Patent). This block or 
hoist is specially constructed to enable one n an to raise heavy weights 
with ea^e and mpi'lity. It is so arranged that the man can check it with- 
out dilficalty when the weight is ftilling. It is simple in arrau^icment, 
strong in contitruction, and e^sy to move about. It can be fixed to 
any beam or bar, and supplied w.th chain for any len;{th of lift; and is 
specially suitable for mills, warelioubes builders' purposed, brewers, 
farmers, &c. It is (when otdered) fitted with an effective brake, by 
which means the load, when being lower^, is entirely under the 
control of the mau. 



Lifting power .. .. 2}rwt. 5 cwt. 10 cwt. 


15 cwt. 20 cwt. 


Price £1 10 £1 15 £2 10 0,£3 5 0,£4 


„ hand chain per foot 


n 


/7 


/7 


/ll 


/ll 


„ lifting cban „ 


n 


n 


1/3 


1 8 


1 8 


„ if fitted with brake 


15/ 


15/ 


20/ 


25/ 


30/ 



Fig. 228. 



PATENT SACK HOISTS, Fig. 228. These hoists are well adapted 
for lifting light loads rapidly into granaries, warehouses, and stores. 
They are supplied, when required, with an effective brake, which is of 
great advantage in lowering into carts, &c. It will be seen from the 
engraving that the construction is exceedingly simple : two wheels of 
different diameters are cast together, the smaller one carrying the 
lifting cliain, the larger wheel the endless chain, and by this arrange^ 
ment great power is obtained. The speed and power of the 5-cwt. 
hoist is equal to 5 to 1, and the 20-cwt. size 15 to 1. 

The height of lift should always bu given when ordering. 

Lifting power 
Price of hoists 

Prices of chains per foot including^ 
rings or hooks . . . . . . / 

Extra for brake .. 



3 cwt. 


5 cwt. 


10 cwt. 20 cwt 


30/ 


35/ 


45/ 65/ 


n 


n 


/8 /8 


15/ 


20/ 


. 20/ Q 20/ 
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!ng in required. On reverBiug the r\ 



« in lower. 

and is kept in matiun by occasiouaJly palJins at Uie 
rope. If the load be allowed to run it will check 
itwir gmduall; aatil it etopa, and if the rope is 
Buddeiuy " let go '' whilst lifting, the load will remain 
in nupenee in its then posiliou. 

The spocket-wheel ib about 24 tnoheB in diameter, 
and the distance between beama about 16 iacbes. 



Fig. 229. 



FAIBBT DOUBU.UFT BATETI EOIBT (Weston's 
Patent). This hoist is aelf-Bualatning. When the 
liand rope is released, the load remaina in auspense. 
The lowering is effected by pulling the rope on the 
other side of the wheel The chain bss two hooks, 
one descending while the other aacends, so that when one hook reaches the top, the other is at 
the bottom ready for atiotljer load, tliereby losing no time in running the empty hook up and 
down. One man can lift the weight, and by hooking up the end of the chain and using a 
Bingle'SbcaTe pulley block In the loop thus formed, double the weight can be lifted. In 
ordering, the height of lift should be ateled. 



Tolifl,owts 
Price of hoiat 
Best tested chain per foot 



BTlmVUO UOnsa jack, Fig SBO. These Jacks lift either ttoxa the foot o 

Kin notion and construction, Tcry safe and poitable, and bo arranged that one 
m 1 to 60 tons. 



To lift, tons 


' 4 


6 


s 


10 


12 


Height .. 
Willmn out 


1 23" 


24" 








10" 


10" 








Weight, Iba. 


57 


«N 


76 


86 


96 




' £5 


£6 


£7 


£8 


£9 



To lift, tons 


15 


20 


an 


40 


50 60 


W.™,. 


26" 


28" 


•fW 








12- 


IV" 






Weight, Iba. 




132 


174 


•UK 


261 861 




£10 10 


£12 10 


£17 


£20 


£22 ; £2S 



EITBAUUC TBATESfflKO TACK. This Jack ia 
made to Iraverae in ihe Bime manner as ia shown in Fig. 
232, and the prices, mcunted on WTOught-iTon frune, and 
including ratchet lever, ate— 
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The HTDEAVUC BHIP JACK, Fig. 231, is suitable for lifting ships, girdeta, bridge work, 

Bud other unusuall; hfavj luads. The pump and ciBteru can be detached from the ram Tor 

being nmked at any distance from the weight 

to be raised, or several rams am be worked from 



To lift, toni 1 20 
Will run out : a" 

Price.. .. Lei2 


35 90 70 
7"! 7" r 
H"14"14" 
15 18 21 


100 150 

7" 7" 
H" 14" 
22 10 ' 28 


200 
7" 
14" 



TBATBBBHTO BCSEV jacks. Fig. 232, with double ratchet lever to 



Will lift, tons 

Height when down 

WilltraTerse 

Prices 


20" 
Bi" 
£6 10 


S 

24" 

• 9" 

£7 


12 

26" 

12" 

£7 15 


IS 
27" 
16" 
£9 15 


20 
27" 
22" 
£12 5 



Fig. 232. Pig; 233. Fig. 234. 

HAIXm 80BEW JACKS, Fig. 233, in ^ood case, and Fig. 231, in malleable iron ease :- 



Will lift, tons . 


2 


4 


6 


8 


10 


12 


16 


20 


Will run out.. 


13" 


13" 


13" 


13" 




14" 


14" 


15" 




£4 10 


£5 


£5 15 


£7 




£9 


£15 


£18 10 
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8..0U. P„^. 


u.. 


DOUIU FCRCBIU. 


WiHlift,tone .. 

Height when doicn .. 
Price* 


2 

30" 
£5 10 


3 

30" 
£6 10 


3 

36" 
£7 10 


3' 

30" 
£7 


4 

30" 
£7 10 


C 
31" 

£8 10 


33" 
£9 10 



E&TCHET 8CBET JACK, Fig. 236, with wrought-iTon frames :- 



Will lift. Ions 
Height when dova 



BOTTLE JACK, with cast-iron frames, Fig. 2 



^ 




8 


10 


12 


SI' 




21" 


27" 


30" 


£3 17 


tl 


£i 10 


£5 7 6 


£6 10 



! Will lift, tODS - 
: Height when down 



IV 


2 




15" 


£0 17 6 


£1 



18" I 21" 
£1 2 6 £1 6 



6 


S 


10 


21" 


24" 


21" 


£1 10 


£2 


£2 10 



Fig. 235. Fig. 236. Fig. 237. Fig. 238. Fig 2 

TBIf OD and BOTTLB JACKS, Figs. 238 and 239 (oi cotton sctew) :— 



Willlifl, tons 
Height whan down . 
Pricaa 


5S 

£1 4 


2 

12" 
£17 6 


3 

15" 
£1 12 


1 

18" 
£1 18 6 


5 
21" 

£2 5 


£3 




WUl lift, tons 
Heightwhen down . 
Prices 


8 

27" 
£3 13 


10 
30- 

£4 10 


12 
33" 
£5 10 


14 

86" 

£6 7 6 


16 

42" 

£6 17 6 


18 
48" 
£7 15 
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DSEFUL TABLES AND MEMORANDA RELATING TO HOISTING 

MACHINERY. 



Pbiges and Weights of Best Tested Shobt-link Crane Chains. 



Size of chain .. 

Approximate weight per foot in lbs. 

Proof strain in cwts. 

Working load in owts. 

Price per cwt. 

Price per foot 



1 


7» 


i 


ft 


i 


1.33 


1.91 


2.33 


3.25 


3.66 


36.75 


45.0 


65.5 


75.0 


102.0 


20.0 


24.0 


27.0 


44.0 


53.0 


33/6 


29/6 


25/6 


24/9 


24/- 


-/4| 


-/6 


-/7 


-M 


-/9i 



Size of chain 

Approximate weight per foot in lbs. 
Proof strain in cwts. . . 

Working load in cwts. 

Price per cwt. 

Price per foot 



f 


I 


1 


11 


u 


6.33 


6.71 


9.33 


11.9 


14.5 


147.0 


200.0 


268.0 


334.0 


408.0 


80.0 


110.0 


140.0 


180.0 


220.0 


22/6' 


21,6 


20/6 


20/- 


20/- 


1/1 


1/3 


1/8* 


2/li 


2/7 



Common Chain, for ordinary purposes, 4/- per cwt. less than above prices. 



Beiges, Weights, Working Loads, and Breaking Strains of Bound Iron Wire Bopes. 



Cironmference in inches 


1 


li 


H 


2 


2i 


2J 


2} 


Weight per yard in lbs. 


0.5 


1.0 


1.00 


1.75 


2.25 


2.75 


3.25 


Working load in cwts. 


6 


9 


15 


21 


27 


33 


30 


Breaking strain in cwts. 


40 


60 


100 


140 


180 


220 


260 


Prices per cwt. 


42/- 


40/- 


40/- 


38/- 


38/- 


38/- 


40/- 



Circnmferenoe in inches 


3 


3J 


3J 


3f 


4 


4* 


5 


Weight per yard in lbs. 


3.75 


4.26 


5.25 


6.0 


7.0 


9.0 


11.0 


Working load in cwts. 


45 


51 


60 


72 


84 


108 


125 


Breaking strain in cwts. 


300 


340 


400 


480 


560 


720 


900 


Prices per cwt. 


40/- 


36/- 


40/- 


40/- 


40/- 


40/- 


40/- 



Galvanised Iron Wire Bope 5/6 per cwt. more than above prices. 



Prices, Weights, Working Loads, and Breaking Strains of Bound Steel Wire Bopes. 



Ciromnferonce in inches 


1 


U 


IJ 


li 


2 


2J 


2i 


2J 


Weight in lbs. per yard 


0.5 


0.75 


1.0 


1.25 


1.75 


2.0 


2.25 


2.50 


Working load in cwts. 


9 


15 


21 


27 


83 


39 


45 


51 


BreaJcing strain in owts. 


60 


100 


140 


180 


220 


260 


300 


340 


Prices per cwt 


65/- 


60/- 


60/- 


60/- 

1 


55/- 


55/- 


53/- 


53/- 
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Pbioes, Weights, Wobking Loads, and Breaking Strains of Bound Steel Wibe Bofes. 

{Continued,) 



Ciicnmference in inches 
Weight in lbs. per yard 
Working load in cwts. . 
Breaking strain in cwts. 
Prices per cwt 




3i 


3^ 


3i 


4 


4.50 


5.25 


6.0 


7.0 


90 


IGU 


115 


126 


600 


720 


810 


960 


51/- 


51/- 


51/- 


51/- 



Prices, Weights, Working Loads, and Breaking Strains of Best Hemp Bopbb. 



dronmferenoe in inches 
Weight per yard in lbs. 
Safe working load in cwts. 
Breaking strain in cwts. 
Price per cwt . . 



2i 

1.0 

6 

40 

68/- 



3i 


•4J 


5J. 


6 


6i 


2.0 


2.5 


3.5 


4.5 


5.0 


12 


18 


24 


30 


36 


80 


120 


160 


200 


2i0 


68/- 


68/- 


68/- 


68/- 


68/- 



Gironmference in inches 


7 


i ^* 


8 


9i 


10 




Weight per yard in lbs. 

Safe wondng load in cwts. 


6.0 


7.0 


8.0 


11.0 


12.5 




42 


! 48 


54 


78 


84 




Breaking strain in cwts. 


280 


320 


360 


520 


560 




Price per cwt. .. 


68/- 


68/- 


68/- 


68/- 


68/ 





Prices, Weights, and Strengths of Flat Bopes of Iron, Steel, and Hemp. 






Working load in cwts. . . 
Breaking strain in cwts. 
Size of tarred hemp rope 
Weight per foot, gooa quality,^ 

XU IQB. .. .. *. 

Price per cwt . . 
Size of iron wire rope . . 
Weight per foot in lbs. 
Price per cwt. . . . . , 
Size of steel wire rope . . 
Weight per foot in lbs. . . 
Price per cwt. .. 



44 
400 

4"xli" 

3.3 
63/- 



52 

460 

5"xli' 

4.0 

63/- 



2i"xT|2rxJ" 

1.8 I 2.2 

48/- i 48/- 



60 ' 64 

540 I 560 

Srxlf SrxlJ" 



4.3 



63/- 

2rxi 

2.6 

48/- 



4.6 

63/- 
3"xi" 

2.7 

44/- 

2"xi" 

1.7 

70/-. 



72 


80 


640 


720 


6"xlJ" 


7"xlJ" 


5.0 


6.0 


63/- 

31" xf 

3.0 


63/- 

3j"x r 

3.33 


44/- 

2rxr 

1.85 


44/- 

2rx i" 

2.0 


70/- 


70/- 



Working load in cwts. . . 
Breaking strain in cwts. 
Size of tarred hemp rope 
Weight per foot, good quality,^ 
in lbs. . . . . . . . . / 

Price per cwt. . . 

Size of iron wire rope . . 

Weight per foot in lbs. . . 

Price per cwt. . . 

Size of steel wire rqpe . . 

Weight per foot in Ids. . . 

Price per cwt .. 



88 ! 100 

800 I 900 

8J" X 25" 8i" X 2 J" 



6.6 

63/- 

SfxtJ" 

3.7 

44/- 

2J"xi" 

2.2 

70/- 



7.5 

63/- 

4"xU" 
4.2 

40/- 

2J"xr 

2.5 

70/- 



112 

1000 
9"x2r 

8.3 

63/- 
4 J" X i" 
4.7 
40/- 
3"xr 
2.75 
70/- 



128 

1120 

9i"x2j" 

9.1 

63/- 

4}" X f " 

5.4 

40/- 
3J" X I" 

3.0 

70/- 



136 

1200 

10" X 2}" 

10.0 

63/- 

4|" X 3i" 

5.7 

40/- 

3}"xr 

3.4 

70/- 
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OKAHES. To asoertain tbe strains on the three principal members of a crane similar in 
eonfetruction to that shown in Fig. 127, construct a diagram of the crane to any convenient scale 
as shown in Fig. 240. The crane taken for example is of 2-tons power, 14' 0" radius, post 5' 0" 
above the ground line, and the jib at an angle of 45^. 




Fig. 240. 



Fig. 241, 



From P and T, Fig. 240, draw tbe horizontal and vertical lines cutting each other at A. 
The centre line of the post P J is divided into 8 equal divisions, each division = 5 cwt., or 
5x8=40 cwt., the power qi tbe crane; tbe strains on the tension or tie rods may then be 
measured off with a scale or pair of compasses, as indicated on the diagram, the strain on the 
tension rods P T being 124 cwt., the compression on tbe jib J T 148 cwt., and the strain 
on the post J P is shown on the line P A = 113 cwt., the post being regarded as a beam 
or cantilever loaded at one end and supported at tbe other. 

To find the strains on the post, jib and tension rods of a ten-ton crane, with a roller path, 
similar to Fig. 126, the method shown in Fig. 241 should be adopted. 

To find the strains of the jib and tie rods, tbe centre line of the jib must be continued down 
through the roller path until it cuts the centre line of the post, and from tbe intersection of 
these lines at J the divisions representing 10 tons must be set off; on the line J P the strains 
on the tie rods and jib are measured off as before ; but for tbe post, a line parallel to the centre 
line of the crane post must be drawn from the point A to B, the load being set off on this ; the 
strain on the head of post will be found by measuring the line B G, the angle ABC being 
regarded as a bell crank hinged at B. 

To find the number of revolutions the handles of a hand-power crane will have to make to 
lift a given weight, the power on the handles being given : — 

W = Weight to be raised, in lbs. 
P = Power on handles, in lbs. 

D = Diameter of circle described by the handles, in inches, 
n = Number of revolutions of the handles to one of chain barrel. 
B = Diameter of chain barrel, in inches. 



DxPxri 
B= Yf 



n — 



Wj<B 
D X P 



D = 



WxB 
P X w 



p = 



WxB 

w X D 



W = 



P X D x_n 
B 



The height of the handles for hand-power cranes should be 2' 10" to 3' 0" from the groimd 
line or platform on which the men stand to work, and tbe radius of handles should be 14" to 16". 

The usual allowance for the power exerted by each man at a crane handle of 16" radius is 
25 lbs. for intermittent work, but not more than 15 lbs. for continuous work. 

The speed at which a man will torn a crank handle is from 25 to 30 revolutions per 
minute = about 200 ft. 

The above rules for finding the powers of a crane do not indude any allDwauoe for Motion ; 
50 per cent, should be allowed for this. 
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Formula ^b Ascwbtaining thi fbopeb Diambteb- op Crake Posm. 
D = Diameter of post, in inches. 

W = 8traia at top of post, in tons (found by the dingrams). 
S = Distance or span from top of base-plate to the point of intersection of centre line of 

post and tension rods. 
M = Margin of safety ; this should be 5 for wrought iron, and 7 for cast iron. 
K = Constant, which is 4.4 fur wrought iron, and 6.6 for cast iron. 

= Internal diameter, in inches, of hoUow cylindrical post (this must be assumed). 

3 

D = JK M W S for solid crane posts. 

3 

D = V (ii M W S) + C» for hollow crane posts. 

Formula for Calculati>o the Strength of Trussed Beams. 
W = Weight distributed. 
L = Span of truss or girder. 

1 = Distance of struts or tie from point of suppoii. 
D = Depth of strut. 

A = Angle of inclination with horizon. 
S = Strain on centre of horizontal beam. 
9 = Strain on tie rods. 

Single Truss. 



« WL W , , 

S = -^^ = -T- cotan. A. 



Ordinary Queen Truss. 

LW « = SV? + D« 
D — "q"!! 1 = o sect. A. 



L 4 

The loads on traveller beams should be taken at the centre ; the results obtained by the 
above rules must tuerefore be divided by 2, and the usual factor allowed for the safe working 
loads. 

WBOTJQHT-IBOK AHD STEEL 0IEDEB8. The maximum working strain usually allowed 
for wrought-iron girders in compression is 4 tons per squaie inch ; in tension 5 tons fier square 
inch: the Board of Trade, however, allows 5 tons per square inch for iron, or 6} tons for 
steel, in compression or in tension. 

D = Depth of girder, in inches. 
A = Area of bottom flange, in square inches. 
S = Span of girder, in inches. 
B W= Breaking weight. 

/ = Besistanoe of material in tons per square inch. 

4 AD/ 

B W = — g-"^ for girders supported at both ends and load in the centre. 

Q A Tl / 

B W = — (^ . for girders supported at both ends and the load distributed. 

Area of top flange shotdd equal 1.18 of bottom flange. 
Depth of girder should equal i^ to ^^ of the span. 

CAST-IBOK 0ISBEB8. When the load on the girder is downwards, fhe bottom flange 
should be three times the area of the top one. 

If the strain or load be applied upwards, the top flange should bo twico tl.e arer, of the 
bottom one. 

D = Depth, in inches. 

A = Area of bottom flange, in squore inches. 
8 = Span of girder in inches. 
W = Breaking weight, in tons. 

-^i— — = W supported at both ends with lond at centre* 

52 AD 

g — = W supported at both ends with load distributed. 

Depth of cast-iron girders at ends may be 2 D 

3 
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Safe deflection one-tenth of an inch per foot span for a load of one-third the calcalated 
breaking- weight. 



Tabus of Breakino Weight op Cast-Ibon Gibdebs 10' 0" to 35' 0" span 


• 


Span .. 
Depth .. 
Dimensions of bottom^ 

flange . . . . / 
Breakingweight in tons| 

distributed . . . . j 


10' 0" 
0' 10" 

6"x ir 

31 


15' 0" 
1' 3" 

8"xlJ" 
50 


20' 0" 
1' 8" 

10"xlJ" 
62 


25' 0" 
2' 1" 

13"xir 
94 


30' 0" 
2' 6" 

15" X 2" 
125 


35' 0" 
2' 11" 

17" X 2" 
141 



OEABINO. 

Relative pitch required to obtain the same strength in wheels made of diflerent materials. 



Cast iron 
Brass .. 
Hardwood 

Good malleable cast iron 
Phosphor bronze 
Wrought iron . . 
Cast-steel casting about 
forging .. 



n 



= 1.00 
= 1.12 
= 1.26 
= 0.85 
= 0.80 
= 0.75 
= 0.70 
= 0.50 



The teeth of wood gear should be 1.25 times thicker at the pitch line than the iron teeth 
with which they gear. Brass wheels stand sudden strain better than cast iron. 

To And the actual horse-power that can be transmitted by toothed gearinjr. 

B = Breadth of tooth, in inches. 

P = Pitch „ „ 

V = Velocity of pitch line in feet per second. 

H = Actiml horse-power which may be transmitted by the wheel. 



H = .06 P2 Y B. P = A / ^^,^. 

V •06YB 



To find the number of teeth in pinions to give a certain number of revolutions to a driving 
wheel. 

N = Number of teeth in driving wheel. 
» = „ „ pinion. 

Y = Number of revolutions in driver. 

V = ,, „ driven. 



»> 



j» 



n = 



NY 



V 



To find the diameter of the pitch, line of a toothed wheel, the number of teeth and pitch 
being given. 

D = Diameter of pitch line, in inches. 

N = Number of toeth. 

P = Pitch of teeth, in inches. 

X = Multiplier {in Table). . 

D 



D = Pa; P = 



X 



To find X in Table for any other number of teeth. 



X = Cosecant 



/180° 



V 



80°\ 



To find the number of teeth when the diameter and pitch are given, divide the diameter by 
the pitch, which gives ar, and take N from the Table, 
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TEETH 07 WHEELS. Few snbjeots connected with mechanical details have occupied tbe 
attention of engineers and mathematicians more than the form of the teeth of geared wheels, and 
the mode of pr^uciDg such curves as will absorb the least amount of the power to be transmitted 
by the friction of the surfaces in contact, and work smoothly and (as far as possible) noiselessly. 

The epicycloidal form of tooth is the most perfect ; but the curves are too complicated to be 
properly set out by an average pattern-maker or draughtsman. This consideration led Professor 
Willis to design the instrument illustrated, Fig. 242, which he called the Odontograph. By 
using this very useful instrument and the annexed tables, the circular tops and roots of teeth 
can be readily drawo, and, considering the shortness of the arc, the shape of the tooth approxi- 
mates very closely to the true epicycloidal form, and is quite correct enough for all practical 
purposes. 

The engraving, Fig. 242, is exactly half the full size; and an instrument for temporary use 
can easily be set out from it on stiff drawing paper. The instrument and tables can, however, 
be purchased for about ten shilling. 

The scale is divided into twentieths of an inch on each side of the line I J, which is drawn at 
an angle of 75° with the scale. 

The engraving. Fig. 243, shows how the instrument is used. The wheel selected as an 
example has 61 teeth, 3-inch pitch. Having found the diameter of the pitch line of the wheel 
required, by the formula or the Tuble of Multipliers, p. 158, and this diameter being described, 
set out A G = to the pitch oi the tooth, and draw the radial dotted lines as shown ; bisect 
these by another radial line B. For the root of the tooth, place the instrument as indicated in 
No. 1, and in the Table for the Boots of Teeth opposite 60, which is the number nearest to that 
required, and in the column for 3-inch pitch, will be found 37. This point must be pricked off 
at g, and the arc d e described. This gives the proper form for the root of the tooth. The 
instrument is then moved into the position indicated by the dotted lines No. 2 ; and 25 being 
the number given opposite to 60 in the column for 3-inch pitch in the Table for Tops of Teeth, this 
point is pricked off as above described, and from the point h the arc ^ d is described. This gives 
the proper form for the top or dace of the tooth. 

When fixing the points g and h, it must always be remembered that they will be found on 
opposite sides of the radial arm of the instrument. 

IHTEBEAL OEAB. In setting out internal gear the rule is inverted, the curve for the root 
becoming that which is ^iven for the top in the foregoing instructions for using the instrument. 

SACK OEAB. For setting out racks the pitch line becomes a straight line, and the instru- 
ment is applied to perpendicukurs drawn on it equal to the pitch. 

The numbers for pitches not given in the Tables may be found by doubling or dividing the 
numbers of a given pitch. As examples, if 4-inch pitch is required, double the number given 
for 2-inch pitch ; or if ^-iuch pitch is required, take hulf that given for 1-inch pitch. 

The diagonal scale, Fig. 244, gives the proportions of the various parts of wheels. These 
proportions give good results for wheels of ordinary dimensions ; but modifications are required 
for very small or very large wheels. 

I = Depth of tooth below pitch line =ftP. 
K = Height ,, above ,, .. = f^, 

L = Breadth , , = ^5. 

M = Width of space between teeth = fr, 
D = Thickness of rim below the teeth = jC P. 
E = Depth of rib of rim . . . . = l P. 
F = Width of arm from feather .. = 1 P. 
G H = Thickness of metal .. .. ='^. 



Gektbes fob the Boots op Teeth. 




Pitch in inches. 



n 


n 


2 


2i 


193 


225 


257 


289 


104 


121 


139 


156 


74 


86 


99 


111 


59 


69 


79 


89 


50 


59 


67 


75 


45 


52 


59 


67 


37 


43 


49 


56 


33 


39 


43 


49 


30 


35 


40 


45 


27 


32 


37 


41 


25 


29 


33 


37 


21 


25 


28 


32 


19 


22 


25 


28 


17 


20 


23 


26 


17 


14 


22 


25 


16 


19 


21 


24 


15 


17 


20 


22 



2* 

321 
173 
123 
99 
84 
74 
62 
54 
49 
46 
41 
35 
31 
29 
28 
27 
25 



386 

208 

148 

191 

101 

89 

74 

65 

59 

55 

49 

42 

37 

35 

34 

32 

30 



Gentbes fob Tops ob Faoes of Teeth. • 



No. of 
Teeth. 






Pitch iE 


i inches. 


2J 


' 


1 


U 


li li 


2 2} 


3 


12 


5 


6 


7 9 


10 


11 


12 


15 


15 


5 


7 


8 


10 


11 


12 


14 


17 


20 


6 


8 


9 


11 


12 


14 


15 


18 


30 


7 


9 


10 


12 


14 


16 


18 


21 


40 


8 


9 


11 


13 


15 


17 


19 


23 


60 


8 


10 


12 


14 


16 


18 


20 


25 


80 


9 


11 


13 


15 


17 


19 


21 


26 


100 


9 


11 


13 


15 


18 


20 


22 


26 


150 


9 


11 


14 


16 


19 


21 


23 


27 


Back 10 


12 


15 


17 


20 


22 


25 


30 



